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The practice of urology has seen many in- 
novations over the years and although we often 
are oriented toward those related to technological 
developments that impact our activities in the 
operating room, it is also important to recognize 
that technological changes have also had a signif- 
icant impact on diagnostic urology as well. In the 
mid-1970s standard imaging included intravenous 
urography and when further evaluation of the 
urinary tract was required, additional studies 
typically included nephrotomography and renal 
angiography. Retrograde ureteropyelography was 
also commonly used because of the inability of 
these prior studies to consistently image the renal 
pelvis and ureter. 

Clinical ultrasound developed in the 1970s and 
early A-mode instrumentation only allowed for 
delineation of interfaces, which was used for the 
assessment and aspiration of renal cysts. B-mode, 
gray scale, and improved resolution followed in 
addition to the development of color flow and 
power Doppler studies. Applications increased; 
renal masses were better defined and we are all 


familiar with the value of prostatic ultrasonography 
and how it has affected our specialty. CT scans 
further enhanced our ability to assess the urinary 
tract and not only were these studies of value for 
diagnostic purposes but they, in addition to 
ultrasound, allowed for the carrying out of bi- 
opsies, placement of percutaneous nephrostomies, 
and assessment of abnormalities in the kidney that 
previously had required surgical exploration. 
Magnetic resonance imaging and more recently 
positron emission tomography (PET) and single- 
photon emission computed tomography (SPECT) 
imaging have been used not only allowing for 
visualization of the urinary tract but also for 
better assessment of patients with malignancies 
to determine the extent of disease. 

The current issue of Urologic Clinics, ably edi- 
ted by Dr Pat Fulgham, clearly reviews many of 
these modalities. The monograph also uses the ap- 
plication of these imaging techniques in various 
areas including oncology, urologic trauma, and 
renal calculi. Updates are provided of these 
new modalities and their practical application is 
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emphasized not only as used by radiologists but 
also how they may be applied to urologic practice. 

Those who have been in practice for more than 
two decades can only be in awe of the many 
changes they have witnessed during their tenure as 
practicing urologists. We have gone from 2-di- 
mensional static imaging to 3-dimensional imag- 
ing that allows not only for assessment of organ 
anatomy but of function as well. Urologists have 
benefited from these developments by improving 


the practice of our specialty but the true recipients 
are the patients who are better evaluated and 
subsequently treated. 
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Imaging has always been a critical component 
of the practice of urology. Inherent in the proce- 
dure-oriented practice of urology is the need for 
imaging, both anatomical and functional. Since 
the days of cystoscopy by incandescent bulb, urol- 
ogists have struggled to “see” the internal anat- 
omy of patients. In perhaps no other specialty 
has imaging been so intimately bound up with di- 
agnosis. The emergence of endoscopic, laparo- 
scopic, and other minimally invasive procedures 
has been accompanied by an increasing depen- 
dence on imaging for their execution. The man- 
agement of patients with urologic malignancies 
has placed imaging at the core of office practice. 
In all these areas, ie, diagnosis, treatment, and fol- 
low-up, we are blessed with almost daily innova- 
tions in imaging technology. 

The nature of many urologic procedures re- 
quires that the clinician be able to perform 
imaging studies themselves. Urologists have there- 
fore become adept at fluoroscopy and ultrasound 
sometimes without the benefit of formal training 
in their underlying physical principles. Tissue 
ablative procedures have made the extension of 
this expertise to CT and MRI scanning necessary. 


Remote and robotic surgeries demand a familiarity 
with complex image manipulation. Urologists 
have realized that it is no longer sufficient to be 
able to interpret imaging studies but that they 
must also be able to perform them. With the 
performance of imaging studies comes the re- 
sponsibility to thoroughly understand and to 
judiciously deploy the technology with quality 
control and patient safety as the guiding 
principles. 

The trend in urologist-performed imaging 
studies, which began in conjunction with pro- 
cedures, has recently been extended to the office 
environment. Increasingly, urologists are acquir- 
ing the equipment necessary to perform diagnostic 
and follow-up studies. There is an overwhelming 
economic and ethical need to behave responsibly 
by developing evidence-based indications for im- 
aging. To develop such guidelines, urologists and 
others must understand the technical limitations 
as well as the potential benefits of each study. 

The authors of the work presented in this issue 
have addressed imaging from the perspective of 
providing insight into the indications for studies 
based on the capabilities of each one. When 
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appropriate, the technical aspects of the imaging 
modalities have been explained. Their excellent 
efforts should make it easier for all of us to use 
imaging in a safe and beneficial way. 
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Ultrasonography allows providers to noninva- 
sively image an area of interest in real time 
without the risks of ionizing radiation or nephro- 
toxic contrast agents. This article presents basic 
concepts of ultrasound along with new advances 
in ultrasound technology and their applications in 
small parts evaluation. 

Ultrasound remains a key instrument in the 
diagnostic armamentarium of urologists. Ultraso- 
nography allows providers to noninvasively image 
an area of interest in real time without the risks of 
ionizing radiation or nephrotoxic contrast agents. 
Since its first clinical applications in the 1940s, 
steady advances in ultrasound technology have 
continued to expand its role in the diagnosis, 
management, and follow-up of patients with 
urologic disorders [1]. This article presents basic 
concepts of ultrasound along with new advances 
in ultrasound technology and their applications 
in small parts evaluation. 


Ultrasound physics 


Ultrasound is based on the interpretation of 
sound waves that have been reflected by the in- 
terface of different tissues in the body. The 
fundamental principles of ultrasound include the 
piezoelectric effect, pulse-echo principle, and 
acoustic impedance. 

The piezoelectric effect explains how mechan- 
ical energy and electrical energy are intercon- 
verted [2]. When pressure is applied to a quartz 
crystal, an electrical charge is created that is 
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proportional to the force applied. Changing the 
polarity of a voltage applied to the transducer 
changes the thickness of the crystal, which ex- 
pands and contracts as the polarity changes. 
This results in the generation of ultrasound waves 
that can be transmitted into the body. The emitted 
sound waves enter the body, and the vibrations of 
the reflected echoes are converted from mechani- 
cal energy to an electrical signal that is displayed 
as an image [3]. The pulse-echo principle states 
that the electrical impulse generated by reflected 
sound waves is proportional to the strength of 
the returning echo [3]. Acoustic impedance is a tis- 
sue-specific characteristic that is calculated by 
multiplying the density of the tissue scanned by 
the speed of the sound wave traveling through 
it. The degree to which ultrasound waves are re- 
flected back to the probe is proportional to the 
density differences encountered between varying 
tissues, which are known as acoustic interfaces 
[3]. The density difference between air and tissue 
is so large that nearly all sound waves will be re- 
flected back toward the transducer. Therefore 
a coupling medium, like ultrasound gel, is used 
to decrease the acoustic impedance between the 
transducer and skin to facilitate transmission of 
ultrasound waves. 

When an area of interest is scanned by the 
ultrasound probe, most of the energy imparted is 
attenuated by absorption, reflection, and scatter- 
ing, leaving little to be reflected back to the probe 
to form an image [4]. The degree of attenuation, 
or weakening of the sound wave’s amplitude or in- 
tensity as it travels through tissue, is proportional 
to the frequency of the sound wave and propor- 
tional to the distance it has traversed. Shorter 
wavelengths (higher frequencies) are absorbed 
more rapidly by tissue and therefore have less 
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penetration. Higher frequencies, however, provide 
greater axial and lateral resolution. Frequency of 
the transducer has a direct relationship to resolu- 
tion of the image and inverse relation to depth of 
penetration. Therefore, whenever possible, trans- 
ducers of the highest permissible frequency should 
be used for scanning depending upon the depth of 
penetration required. Evaluation of the testes and 
penis ideally should be performed with a 10 to 14 
MHz linear transducer. 


Types of ultrasound 
Two-dimensional ultrasound 


Two-dimensional ultrasound is the technique 
most familiar to practicing urologists. All the 
currently used clinical ultrasound machines use 
B mode (brightness mode), where the reflected 
echoes appear as bright spots on the readout, with 
signal intensity being proportional to the bright- 
ness [5] (Fig. 1). 


Color flow Doppler ultrasound 


The Doppler effect is the change in frequency 
or wavelength of transmitted sound waves that 
occurs when there is relative motion between the 
transducer (sound source) and reflecting surfaces 
(red blood cells). This shift in frequency between 
the received and transmitted frequencies is mea- 
sured in Hertz (Hz). This change can be repre- 
sented either visually by color or by an audible 
signal. Pulsed duplex Doppler ultrasound allows 
for flow to be superimposed on the image as 
a continuous time—velocity waveform [4]. Color 
flow Doppler is extremely useful for evaluat- 
ing testicular torsion and erectile dysfunction. Ab- 
sence of color flow Doppler in the testis with high 
clinical index of suspicion is virtually diagnostic of 
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Testicle 


Fig. 1. Longitudinal sonogram of testis performed with 
high-frequency linear transducer demonstrates normal 
medium level echoes (arrow-tunica albuginea and 
arrowhead-vessel). 


testicular torsion [6,7] (Fig. 2). Power Doppler ul- 
trasound presents two-dimensional Doppler infor- 
mation by color-encoding the strength of the 
Doppler shifts. Power Doppler ultrasound is 
more sensitive in depicting slow flow in smaller 
and deeper vessels than color flow Doppler. 
Power Doppler scanning is valuable in scrotal ul- 
trasonography because of its increased sensitivity 
to low-flow states and its independence from 
Doppler angle correction [6,7] (Fig. 2). Power 
Doppler ultrasound enhances the sensitivity of de- 
tecting blood flow by at least five times as com- 
pared with color flow Doppler ultrasound, but it 
does not provide a flow vector (direction of blood 
flow) or velocity [8,9]. 


Three-dimensional ultrasound 


Three-dimensional ultrasound reconstructions 
are an exciting new development. They allow the 
creation of a three-dimensional image from a sin- 
gle sweep of the ultrasound probe that provides 
360° viewing of the area scanned. This eliminates 
the problem of user-dependent variation in scan- 
ning, which is a significant problem with conven- 
tional two-dimensional ultrasound techniques 
[10]. Three-dimensional scanning also provides 
increased measuring accuracy, especially when 
looking at volumes, and allows for a better appre- 
ciation of the anatomic relationships between the 


Fig. 2. (A) High-frequency transducer color flow Dopp- 
ler of normal testis. (B) Demonstrates power Doppler 
appearance in a normal testis. 
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area of interest and its surrounding structures 
[4,10,11] (Fig. 3). Three-dimensional volume ac- 
quisition allows reconstruction of image in any 
plane, including coronal, sagittal, or axial planes 
(Fig. 4). Given these traits, three-dimensional ul- 
trasounds allow much easier exam-to-exam com- 
parison, making long-term follow-up possible 
without repeated exposures to radiation or neph- 
rotoxic contrast agents [10,11]. In the adult popu- 
lation, three-dimensional studies of the prostate 
can provide more accurate calculations of PSA 
density and better treatment mapping for brachy- 
therapy [10] (Fig. 5). Three-dimensional ultra- 
sound may be used for routine evaluation of the 
testis. The main advantage of this technique is 
short image acquisition time, greater confidence 
in interpretation, and an ability to manipulate 
the image in any plane. This technique is also 
very useful for evaluating patients who have erec- 
tile dysfunction (Fig. 6). 

Limitations in this technique include the re- 
quirement for highly trained technologists who 
are skilled in obtaining and manipulating the large 
data sets used in three-dimensional reconstruc- 
tion. Artifacts can be introduced into the image 
during the initial scan or while it is being analyzed, 
resulting in possible misdiagnosis. Centers using 
three-dimensional ultrasound must invest in 
a computational infrastructure that can meet the 
hardware, software, storage, transfer/retrieval, 
and support requirements of this technology. 


Four-dimensional ultrasound 


Four-dimensional ultrasound incorporates a 
temporal dimension to three-dimensional ultrasound. 


Fig. 4. Three-dimensional volume acquisition reveals 
testis (arrow) and spermatic cord (arrowhead) in a coro- 
nal plane. (Courtesy of GE Healthcare Technologies; 
with permission.) 


This approach is useful for performing volume 
assessments as a function of time in dynamic systems, 
such as the cardiac cycle [12,13]. Four-dimensional 
ultrasound imaging also has been applied to interven- 
tional procedures such as solid organ biopsy [14]. 
Won and colleagues reported that four-dimensional 
ultrasound is a more intuitive modality for per- 
forming biopsies, because familiar two-dimensional 
images can be displayed for the operator while the 
volumetric processing is being performed. Addition- 
ally, presentation of four-dimensional reconstructions 
is continuous, thereby preventing time delays experi- 
enced with three-dimensional imaging [14]. As one 
would expect, the limitations of this technology 
are similar to those found with three-dimensional 


Fig. 3. (A, B) Three-dimensional volume acquisition of testis demonstrates a testicular mass (arrows) with well-defined 
relationship with its surrounding testicular parenchyma. (Courtesy of GE Healthcare Technologies; with permission.) 
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anterior 
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Fig. 5. Fusion volume showing B-mode surface (trans- 
parent) with reconstructed tumor (solid). The image 
was obtained using a GE Logiq700 US scanner and an 
electromagnetic positioning sensor from Ascension Tech- 
nologies. (Courtesy of Benjamin Castaneda, Rochester, 
New York.) 


imaging, namely the added bulk of the equipment and 
the technological sophistication. 


Harmonic imaging ultrasound 


Harmonic imaging is an ultrasound method in 
which the higher harmonic echoes (usually the 
second harmonic) of the fundamental (first har- 
monic) transmitted frequency are selectively 
detected and used for imaging. The higher har- 
monics may have been created by non-linear 
propagation of the ultrasound pulse. When 


Fig. 6. Three-dimensional power Doppler sonogram 
with maximum intensity projection algorithm shows tor- 
tuous cavernosal artery caused by atherosclerosis with 
severe segmental stenosis (arrow) in a patient with erec- 
tile dysfunction. 


harmonic B-mode imaging is used to improve 
image quality and contrast resolution of tissues, 
the technique is called tissue harmonic imaging. 
One of the main advantages of harmonic imaging 
is improved signal to noise ratio. Signal to noise 
ratio is the ratio of the amplitude of the desired 
signal (echoes forming the image) to the ampli- 
tude of noise signals (electronic noise not contrib- 
uting to the image formation) at a given point in 
time. Other advantages include improved near 
field resolution (closer to the transducer) and 
improved contrast resolution (the ability to ob- 
serve subtle changes between adjacent tissues). 
Pulse inversion harmonic imaging is used with 
ultrasound contrast agents (enhances image con- 
trast) where identical ultrasonic pulses with op- 
posite polarities are sent through an area of 
interest. Because the polarities are reversed, the 
linear aspects of the return signals cancel each 
other out, leaving only the nonlinear components 
(harmonic and subharmonic ultrasound waves) to 
form the image [15]. This technique enhances the 
nonlinear echoes formed by pulse inversion and 
is useful for examining low flow states [8]. 


Compound imaging 


An array transducer is used to image the tissue 
of interest repeatedly by generating parallel sound 
waves aimed in offset directions [4]. The multiple 
return echoes then are averaged, and a single com- 
pound image is generated. This compounding can 
be achieved with frequency and temporal change. 
The advantage to this approach is that because 
multiple echoes are used to make the composite 
image, there is less graininess, speckle, and shad- 
owing compared with conventional B mode imag- 
ing. There is a greater computational time with 
compound imaging and therefore a slower frame 
rate; however, the image has a higher contrast res- 
olution and decreased artifacts such as side lobes 
(Fig. 7). 


Extended field of view 


Numerous images are obtained as the trans- 
ducer is swept over the area of interest and the 
computer algorithm stores and analyzes the data. 
The acquired images then are overlapped appro- 
priately to form an ultrasound image with a much 
larger field of view than what is possible with real- 
time imaging [4]. This mode is very useful when 
the testis is markedly enlarged and cannot fit in 
one view (Fig. 8). 
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Fig. 7. Gray-scale two-dimensional imaging of right tes- 
tis with compound image function demonstrates better 
resolution of the testicular parenchyma as compared 
with noncompound imaging as shown in Fig. 1. 


Contrast agents in ultrasound 


Contrast ultrasonography was applied first to 
imaging of the heart and liver, but it now is 
finding a greater role in evaluating the urology 
patient. The contrast agents used consist of in- 
travenously injected microbubbles, which signifi- 
cantly increase the amount of ultrasonic reflection 
in the area of interest [16]. The ideal contrast 
agent must pass numerous hurdles. It should 
have the ability to survive its journey through 
the circulatory system, be easily administered 
without significant adverse effects or allergic po- 
tential, and be safe to use in patients with mar- 
ginal renal function (ie, not be nephrotoxic) [16]. 

The most important phenomena involved in 
ultrasound—contrast agent interactions involve the 
scattering. Scattering of ultrasound occurs when 
an ultrasound wave is traveling through a medium 


Fig. 8. Gray-scale sonogram of left testis with extended 
field of view. 


that contains localized inhomogeneities such as 
small particles or bubbles. Laboratory study and 
clinical observations have demonstrated that ul- 
trasound contrast agents are very efficacious 
scatterers of ultrasound, capable of producing 
much stronger backscatter than regular blood or 
normal tissue, because of the extremely large 
difference between the acoustic impedances of 
the gas inside the bubbles and the surrounding 
liquid. Such bubbles react to the external ultra- 
sound pressure field with volume pulsations, 
absorbing and radiating ultrasound energy, thus 
generating a scattered field and reducing the 
transmitted field. Scattering is especially pro- 
nounced at the resonant frequency of a contrast 
agent. For an air-filled bubble in water, this 
frequency (in megahertz) is approximately equal 
to 3/R, where R is the bubble radius in microm- 
eters. For example, the resonant frequency for 
a 1 um bubble will be 3 MHz, which is close to 
the frequency range used in diagnostic ultrasound 
[8]. 

Contrast ultrasound is used with harmonic 
imaging techniques that rely on the nonlinear 
behavior pattern of the microbubble contrast 
[16,17]. When microbubbles are exposed to 
enough sonic energy from the ultrasound probe, 
they display nonlinear behavior, because they 
are able to expand more than they can contract. 
Nonlinear interaction phenomena include har- 
monic and subharmonic generation. The spectrum 
of the scattered ultrasound signal will contain 
higher harmonics of the incident or fundamental 
frequency in addition to the original incident fre- 
quency. Highly nonlinear systems, contrast agent 
bubbles can generate subharmonic backscatter at 
a frequency equal to half of the incident frequency 
[8,18]. 

The indications for contrast ultrasonography 
often overlap with those for contrast CT. Robbin 
and colleagues indicated that this technology 
has the potential for evaluating renal masses by 
using noncontrast ultrasound followed by con- 
trast ultrasound scans, looking for enhancement 
of hypervascular lesions secondary to the in- 
creased number of microbubbles present in the 
mass [16]. They also proposed a contrast ultra- 
sound-specific classification pattern for compli- 
cated renal cysts. This pattern is a modification 
of the Bosniak criteria used in CT [16]. Additional 
work with this technology is ongoing and focuses 
on using contrast ultrasound for assessing renal 
perfusion, infarction, pyelonephritis, and intrao- 
peratively for localizing tumors [16]. 
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Fig. 9. Gray scale image of the testis reveals an intratesticular well-circumscribed hypoechoic mass (arrow), seen as 
a dark blue area (arrowhead) on corresponding sonoelastogram. Note blue color represents hard area. This was proven 
to be a seminoma. (Courtesy of Leo Pellwein, MD, Innsbruck Austria.) 


Sonoelastography 


This imaging approach attempts to provide 
a real-time visual depiction of the visco—elastic 
properties of tissue that typically are assessed by 
means of manual palpation [19]. By using the 
principle of sonoelastography to increase the sen- 
sitivity and objectivity of a traditional physical ex- 
amination, it may be possible to detect tumors 
earlier in their course because of their increased 
hardness as compared with the surrounding tis- 
sue. Once it is a proven technology, genitourinary 
sonoelastography can be applied readily to the 
evaluation of the prostate and testicles (Fig. 9) 


Compact ultrasound systems 


Owing to advances in technology in the field of 
ultrasound and computers, ultrasound systems 
have progressed from room size equipment to 
small handheld devices. The size and weight of 
ultrasound systems have continued to decrease, 
and so have the production costs. The image 
resolution and its features continue to improve. 
With affordable prices and better image resolu- 
tion, these compact systems have become more 
attractive to medical specialists, prompting 
them to use imaging devices as a part of their 
routine practice [4,20]. The American Institute of 
Ultrasound in Medicine has brought together 
a multi-disciplinary panel of experts to address 
the opportunities and challenges inherent in the 
dissemination of ultrasound technology [20]. 


They concluded that all practitioners who use ul- 
trasound be appropriately trained in its use and 
committed to ongoing education, professional 
development, and outcomes-based research to 
ensure optimal patient care. 


Animal imaging in genitourinary ultrasound 


High-resolution animal research ultrasound 
machines are available for genitourinary research 
with two- and three-dimensional capability. These 
ultrasound machines use extremely high frequency 
transducers of 40 MHz (Fig. 10). 


Fig. 10. Three-dimensional power Doppler of adult 
mouse testicle. Static image using three-dimensional 
power Doppler of perfusion in adult mouse testicle. 
The image of the testicle was constructed with multiple 
two-dimensional slices to create the three-dimensional 
volumetric image. (Courtesy of VisualSonics, Inc., Tor- 
onto, ON; with permission.) 
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Table 1 
Innovations in ultrasound and the resulting improve- 
ment in imaging 


Innovation Result 


Decreased work related 
injuries 

Enhanced definition of tissue 
interfaces 

Portable, bedside imaging 

View area of interest from 
any angle 

Better tissue definition; often 
used with contrast agents 

Decreased graininess/ 
speckle/shadowing 

View a larger area of interest 


Improved ergonomics 
Image resolution 


Compact size 

Three-and 
four-dimensional 

Harmonic imaging 


Compound imaging 


Extended field 
of view 

Contrast agents Assess vascularity or 
enhancement without 
nephrotoxicity 


Sonoelastography Earlier detection of tumor 


Forthcoming advances 


Capacitative micromachined ultrasonic transducers 

Capacitative micromachined ultrasonic trans- 
ducers are transducers constructed of new mate- 
rials such as silicon wafers rather than piezoelectric 
crystals [21]. The hope is that this technology will 
allow one single transducer head to have the func- 
tionality to generate multiple frequencies and 
wavelengths, eliminating the need to use several 
transducers during an examination. 


Summary 


Ultrasound technology and its application to 
urologic disease continue to advance. Conven- 
tional two-dimensional ultrasound remains an 
integral piece of the practicing urologist’s diag- 
nostic armamentarium. Contrast agents allow for 
the assessment of vascularity and flow states 
previously possible only with CT and MRI. 
Multi-dimensional imaging provides powerful 
and detailed spatial relationships that can be 
reviewed from any angle and readily compared 
over time. Urologists must continue to familiarize 
themselves with these new aspects of ultrasonog- 
raphy and work collaboratively with their coun- 
terparts in radiology to ensure that the highest 
standards of care are provided to patients. New 
advances in ultrasound technology are summa- 
rized in Table 1. 
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Radiologic imaging, especially CT scanning, 
constitutes an integral part of any urologist’s 
practice. Advances in the past decade in using 
CT scan to diagnose nephrolithiasis, along 
with progress in developing multidetector CT 
(MDCT) and 3D reconstruction, have revolu- 
tionized the value of CT in urology. In many 
institutions, CT has replaced intravenous (IV) 
pyelograms. CT scans performed dynamically 
through the unenhanced, nephrographic, and 
excretory phases may replace other imaging 
tests to evaluate hematuria. Staging of urologic 
malignancies includes a CT scan of the abdo- 
men. Preoperative planning for living related 
kidney donors using CT angiograms has become 
common practice in transplant centers. Addi- 
tionally, the widespread use of CT in evaluating 
abdominal pain has led to an increase in 
diagnosis of incidental urologic findings. This 
article describes recent developments in CT and 
its use in urologic practice, and how the 
urologist can maximize clinical information 
obtained by it. 


Basics of CT imaging 
Principles 


As with conventional radiographic images, the 
basis for CT images is the attenuation of x-ray 
photons as they pass through the patient. In CT, 
a computer mathematically reconstructs a cross- 
sectional image of the body from measurements of 
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x-ray transmission through thin slices of body 
tissue [1]. A thin, collimated x-ray beam is gener- 
ated on one side of the patient and the amount of 
transmitted radiation is measured by detectors on 
the opposite side. These measurements are re- 
peated systematically many times while a series 
of exposures from different projections is made 
as the x-ray beam rotates about the patient. 


Practical points about contrast media and toxicity 


Commonly, oral contrast agents are adminis- 
tered before scanning for bowel opacification to 
help differentiate bowel from tumors, lymph 
nodes, abscesses, and hematomas. Oral contrast 
is less critical in urologic imaging than in gastro- 
intestinal imaging; and in certain situations, such 
as evaluation for renal calculi or CT angiography, 
the use of oral contrast may be counterproductive 
[2]. 

IV contrast aids in the depiction of small 
lesions by increasing their conspicuity, in the 
demonstration of vascular anatomy and vessel 
patency, and in the characterization of lesions 
through their patterns of contrast enhancement. 
The commercially available radiographic contrast 
agents are tri-iodinated derivatives of benzoic 
acid. All the currently available IV contrast media 
are excreted by way of the kidney through glomer- 
ular filtration, with no significant tubular excre- 
tion or resorption [3]. 

It is prudent that the physician inquire about 
the patient’s history, including renal function and 
history of previous allergies to contrast material. 
A history of asthma and severe allergies increases 
the risk of subsequent reaction to contrast agent 
injection by a small percentage [4]. Allergy to 
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shellfish is not associated with increased risk of re- 
action to contrast [5]. The use of corticosteroids 
with or without antihistamines 12 hours before 
contrast injection to reduce the occurrence of ad- 
verse reactions in allergic patients has been well 
established [6]. 

Contrast nephropathy (CN) is defined as an 
acute impairment of renal function after expo- 
sure to a radiographic contrast medium. It is 
typically reversible, although cases of permanent 
nephrotoxicity, especially when the renal failure 
is oliguric, have been reported [7]. The most im- 
portant risk factor for development of CN is pre- 
existing renal insufficiency [7]. The presence of 
diabetes is not an independent risk factor, but 
is a major contributing factor in the presence 
of renal insufficiency. Other risk factors include 
dehydration, poor renal perfusion as in conges- 
tive heart failure, and the presence of other fac- 
tors that may be nephrotoxic, such as certain 
medications [5]. The first step to prevent CN is 
adequate hydration, either orally or intrave- 
nously [8]. Avoiding multiple imaging studies 
with contrast injection within a short period of 
time and using alternate noncontrast studies 
that can answer the diagnostic question can be 
helpful as well. N-acetylcysteine has been advo- 
cated as a protective agent, being a vasodilator 
and free radical scavenger [9]. Iodixanol, the 
only available nonionic, iso-osmolar, iodinated 
contrast agent, was shown to have a protective 
effect in two small studies [10,11]. There is evi- 
dence of a slightly higher incidence of CN 
when high-osmolality versus low-osmolality con- 
trast agents are used [7]. 

The urologist and radiologist should be 
aware of patients who have diabetes and are 
taking metformin [4]. Metformin is excreted by 
the kidney unchanged and patients who have re- 
nal insufficiency will have higher than expected 
serum levels of metformin, putting them at 
risk for lactic acidosis [12]. Because IV contrast 
agents can lead to acute alteration in renal func- 
tion, the US Food and Drug Administration 
currently recommends that metformin be with- 
held for 48 hours at the time an iodinated IV 
contrast agent is administered, and reinstituted 
only after renal function has been re-evaluated 
and found to be normal. 


Phases of CT imaging 


Multiphase enhanced CT scans tend to char- 
acterize renal masses better than single-phase 


enhanced imaging [13]. A comprehensive CT 
scan of the urinary tract includes 


e An unenhanced axial CT scan of the kidneys 

e An enhanced CT scan of the abdomen and 
pelvis 

e Excretory phase enhanced images of the uri- 
nary tract obtained with axial CT images 


Unenhanced CT images are used to evaluate 
for stone disease and renal parenchymal calcifica- 
tions; for precontrast attenuation measurements 
of renal masses; and to assist in excluding 
hemorrhagic changes [14]. Some investigators 
include arterial phase images at 25 seconds to 
evaluate for vascular abnormalities, such as arte- 
riovenous malformations, and to demonstrate 
the vascular anatomy in surgical candidates [15]. 
Nephrographic phase images obtained at 90 to 
180 seconds are useful in the evaluation of renal 
parenchyma for neoplasms, scarring, and inflam- 
matory disease. Some investigators advocate the 
addition of a corticomedullary phase at 30 to 70 
seconds to characterize renal masses better and 
particularly to evaluate the liver better [16]. The 
renal veins can be evaluated for possible tumor in- 
vasion during the nephrographic phase. Delayed 
images are obtained after contrast is excreted 
into the collecting system and are usually obtained 
at 3 to 5 minutes. These images may be useful in 
evaluating central renal masses and urothelial ab- 
normalities. The bladder is seen best in 20-minute 
and postvoid images. 


Hounsfield units 


CT creates an image of the body from mea- 
surements of linear attenuation collected from 
multiple projections around a thin tomographic 
slice [3]. A cross-sectional view of a layer of the 
body is divided into many tiny blocks (pixels) 
from which a reconstructed image is displayed. 
The gray scale of each pixel on CT is a function 
of the amount of radiation absorbed at that point, 
which is termed an attenuation value, expressed in 
Hounsfield units (HU). The attenuation value as- 
signed to each pixel is based on a reference scale in 
which —1000 HU is the value assigned to air, 
+1000 HU to dense bone, and 0 HU to water. 
User selection of the number of shades of gray 
(window width) in the image and the central hue 
of gray (window level) permits modification of im- 
age contrast. By adjusting the window width and 
level, the image can be optimized for evaluating 
very dense structures such as bone and the 
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contrast-filled bladder, very light structures such 
as the lung, and very subtle structures such as 
a solid tumor within normal parenchyma. 


Multidetector or Multichannel CT 


The single-slice spiral CT, introduced for 
clinical use in 1988 [17], has now evolved into 
MDCT. In MDCT there are multiple rows of de- 
tectors (currently up to 64) instead of a single row 
[18]. Thus, MDCT allows multiple channels of 
data to be acquired simultaneously, permitting 
thinly collimated images to be obtained through 
the entire abdomen in a single breath hold. The 
advantages of MDCT include 


e Improved temporal resolution (faster scan- 
ning results in fewer motion artifacts) 

e Improved spatial resolution (thinner sections 
improve resolution in the z axis (along the ta- 
ble), reducing partial-volume artifacts and 
increasing diagnostic accuracy) 

e Increased concentration of intravascular con- 
trast material (because scanning is done more 
quickly, contrast material can be adminis- 
tered at a faster rate, improving the conspicu- 
ity of arteries and veins) 

e Efficient x-ray tube use (a shorter scanning 
time leads to diminished x-ray tube heating, 
thus shortening the delay for x-ray tube cool- 
ing between scans, which is critical in multi- 
phase examinations) 

e Longer anatomic coverage (the multiple de- 
tectors allow scanning of a larger anatomic 
area because of the simultaneous registra- 
tion of multiple sections during each rota- 
tion and the increased gantry rotation 
speed) 


MDCT offers greater speed of acquisition and 
higher resolution images than single-detector CT, 
allowing multiplanar imaging and making 3D 
reconstruction feasible. A 16-slice MDCT can 
acquire images of the chest, abdomen, and pelvis 
in 20 seconds. The application of 3D techniques to 
CT allows for accurate depiction of tumor depth 
and location and relationship of tumor to adja- 
cent structures, and delineation of renal vascular 
anatomy [19]. The location of the kidney in rela- 
tion to the rib cage, iliac crest, and spine can aid 
preoperative planning, especially in the setting of 
a nephron-sparing procedure [20]. Triphasic (un- 
enhanced, enhanced early vascular, and delayed 
parenchymal phase) helical CT is performed 
with acquisition of datasets for subsequent 3D 


imaging using a volume-rendering workstation. 
One major application of 3D CT in urology is 
CT urography because it provides a complete 
evaluation of the collecting system [21]. 


CT applications in urology 
Urolithiasis 


Patients who have flank pain and are suspected 
of having renal colic have been evaluated tradi- 
tionally using IV urography (IVU). Although the 
reported sensitivity of IVU is relatively high 
(84%—-95%), it is associated with inherent limita- 
tions, such as lower sensitivity for small stones 
and stones with low radiation attenuation, the 
need for contrast agents, and the limitations of 
projection radiography [22]. Since the first report 
by Smith and colleagues [23] in 1995 on the use 
of unenhanced CT for identifying urolithiasis, 
CT has become the standard diagnostic technique 
for evaluating patients who have renal colic. The 
advantages of CT over IVU include a faster exam- 
ination speed, avoidance of IV contrast, and the 
ability to diagnose alternative abdominal patholo- 
gies that mimic the symptoms of renal colic 
[24,25]. Unenhanced CT for stone detection has 
been reported to have sensitivities ranging from 
96% to 100% and specificities ranging from 
92% to 100% [22]. 

Almost all renal and ureteral stones are de- 
tected at helical CT because the attenuation of 
stones is inherently higher than that of the 
surrounding tissues [26]. One exception is the indi- 
navir stone, which is seen in patients who have 
human immunodeficiency syndrome taking this 
protease inhibitor. The medication can crystallize 
in the urine and result in stones that may not be 
detected by CT [27]. 

The most common locations for obstruction by 
a stone include the natural anatomic points of 
narrowing: the ureteropelvic junction, the pelvic 
brim where the ureter crosses the iliac vessels, and 
the ureterovesical junction. The most obvious sign 
of a ureteral stone is an area of high attenuation 
within the ureter which appears similar in density 
to calcium on CT. At times, a stone can be diffi- 
cult to differentiate from a phlebolith, making it 
necessary to look for secondary signs of obstruc- 
tion, which include ureteral dilation, asymmetric 
inflammatory change of the perinephric fat, hy- 
dronephrosis, and nephromegaly [28,29]. The 
soft tissue “rim” sign, which refers to a soft tissue 
ring surrounding the calcification, represents the 
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edematous ureteral wall and can be useful in dif- 
ferentiating a phlebolith from a ureteral stone 
(Fig. 1) [30]. Another helpful sign to differentiate 
a phlebolith is the comet sign; the calcified phlebo- 
lith represents the comet nucleus, and the adja- 
cent, tapering, noncalcified portion of the vein is 
the comet tail [31]. An obstructing stone at the 
ureterovesical junction can be difficult to differen- 
tiate from a stone that recently passed into the 
bladder. In such a case, it may be helpful to place 
the patient in the prone position and obtain a re- 
peat image of the pelvis. A stone that falls to the 
anterior portion of the bladder is a stone that 
has passed [32]. 


Hematuria work-up and CT urogram 


The evaluation of hematuria is a common 
reason for a urology referral. Historically, the 
work-up included IVU, urine cytology, and cys- 
toscopy. Other imaging modalities available for 
hematuria work-up include CT, ultrasonography, 
MRI, and retrograde pyelography. Occasionally, 
the urologist will need more than one modality to 
complete the work-up. With the advent of 
MDCT, it is possible to perform a comprehensive 
evaluation of a patient who has hematuria with 
a single examination [33]. The unenhanced phase 
of CT can help diagnose urolithiasis, the enhanced 
nephrographic phase aids in detection of renal pa- 
renchymal masses, and the excretory phase with 
3D reformation allows evaluation of the entire 
urothelium (Fig. 2). Some investigators add a cor- 
ticomedullary phase to characterize parenchymal 
renal masses better [34]. MDCT has been shown 
to have high sensitivity in detecting upper tract ur- 
othelial cancers [35]. One concern about this com- 
prehensive CT technique is radiation dose to the 
patient, and some investigators advocate not 


covering the entire abdomen and pelvis in all 
phases of the examination, to limit the radiation 
dose [36]. Other investigators have suggested ob- 
taining a post-CT conventional radiograph that 
can substitute for the excretory phase of the CT 
[14] to provide images in a format more familiar 
to urologists; however, it may entail transferring 
the patient from the CT suite to the fluoroscopy 
suite. Patient transfer can be avoided if the CT 
room has a ceiling-mounted x-ray tube. Initial re- 
ports about conventional CT for detecting upper 
tract urothelial cancer have shown limitations in 
the sensitivity of this modality [37,38]. CT urogra- 
phy, however, has been reported to have high sen- 
sitivity in detecting urothelial lesions. In a group 
of 57 subjects who presented with hematuria, 38 
subjects were found to have intrinsic urothelial le- 
sions, of whom 15 had urothelial cancer [39]. CT 
urography allowed detection of 37 lesions with 
a sensitivity of 97%, whereas retrograde pyelogra- 
phy allowed detection of 31 lesions with a sensitiv- 
ity of 82%. Caoili and colleagues [40] report that 
MDCT urography can detect most upper tract ur- 
othelial carcinomas. In their series of 18 subjects, 
89% of malignant upper tract foci were detectable 
with MDCT urography. Although neither IVU 
nor CT is as sensitive as cystoscopy in detecting 
urothelial tumors in the bladder, large bladder 
tumors can be visualized with imaging studies 
because they appear as filling defects in the 
bladder lumen or as focal nodular bladder wall 
thickening [14]. 


Solid and cystic renal masses 


CT is an excellent imaging modality for the 
evaluation of a renal mass. A renal mass can be 
characterized as a simple cyst, a complex cyst, or 
a solid mass. Solid masses that enhance by more 


Fig. 1. Obstructing ureteral stone. (A) Hydronephrosis of the right kidney with perinephric stranding (arrow). (B) Dense 
ureteral stone with the soft tissue rim sign (arrow) and periureteral stranding. 
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Fig. 2. Transitional cell carcinoma. (A) Coronal reconstruction in the venous phase showing a transitional cell carci- 
noma as an enhancing nodule (arrow) arising from the mucosa of the left renal pelvis. (B) Coronal reconstruction in 
the delayed or excretory phase showing the nodule as a filling defect (arrow). 


than 20 HU are almost always malignant, with the 
exception of angiomyolipoma [41]. The presence 
of even a small amount of fat within a renal 
mass on CT scan, confirmed by an enhancement 
of less than 10 HU, virtually excludes the diagno- 
sis of renal cell carcinoma and is considered diag- 
nostic of angiomyolipoma (Fig. 3) [42]. Papillary 
renal cancers enhance less intensely than other 
cell types; these lesions accumulate contrast mate- 
rial more slowly, and delayed images may be help- 
ful in confirming enhancement [43]. 

Renal masses are evaluated best using the 
multiphasic CT. Unenhanced images are per- 
formed to detect calcifications within the lesion 
and provide a baseline density to allow evaluation 
of enhancement. The nephrographic phase helps 
characterize the renal mass and detect any en- 
hancement after IV contrast is injected; homoge- 
nous enhancement of the renal veins during this 
phase is also helpful to evaluate for renal venous 
invasion [2]. The excretory phase is useful in 


Fig. 3. Angiomyelolipoma appears as a fat density le- 
sion in the posterior cortex of the right kidney (arrow). 


assessing central renal masses, to help differentiate 
renal cell cancer from urothelial cancer. 

If a solid mass is detected on contrast CT with 
no precontrast images to calculate enhancement, 
then delayed images 30 minutes to 4 hours later 
showing de-enhancement may be helpful [2]. Vas- 
cular masses, such as renal cancer, decrease in 
density on delayed images, and some investigators 
suggest a decrease of 15 HU or more is consistent 
with tumor [2]. A hyperdense cyst, on the other 
hand, shows no change in density between the 
postcontrast and the delayed phase images [44]. 
Some investigators have suggested obtaining por- 
tal venous phase images at 70 seconds to differen- 
tiate renal cell cancer from a hyperdense cyst, with 
attenuation greater than 70 HU favoring a diagno- 
sis of renal cancer [45]. 

Renal cysts are a common radiologic finding 
and may present a management dilemma for the 
urologist. Ultrasound is a useful modality in 
evaluating renal cysts [46]. CT helps to character- 
ize renal cysts by assessing wall thickness, pres- 
ence and thickness of septa, calcifications, cyst 
attenuation (density), and foci of enhancement. 
Calcifications in a renal cystic mass have been in- 
vestigated and found to be present in both benign 
and malignant lesions [47]; these calcifications are 
not as important as the presence of associated soft 
tissue elements. Often, cystic renal masses are 
characterized according to the Bosniak classifica- 
tion system [46—48]. A recent update of this classi- 
fication system has been published by Israel and 
Bosniak [49]. 

The most important criterion used to differen- 
tiate surgical lesions from nonsurgical lesions is 
the presence or absence of tissue vascularity 
(enhancement). Categories I, Il, and IF lesions 
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do not measurably enhance. Category I lesions are 
benign simple cysts with a hairline thin wall, 
which do not contain septa, calcifications, or solid 
components. It measures water density and does 
not enhance. Category II lesions are slightly more 
complicated and may contain thin calcifications, 
high attenuation fluid, and few thin septa in which 
“perceived” enhancement may be present. Per- 
ceived enhancement is seen when the thin smooth 
septa and walls of these lesions enhance sub- 
jectively when the unenhanced and contrast- 
enhanced images are compared side by side, and is 
believed to be caused by contrast material within 
the tiny capillaries in the wall and septa of these 
benign lesions. Uniformly high attenuation lesions 
of less than 3 cm (so-called high-density cysts) that 
are well marginated and do not enhance are 
included in this group. Category III lesions are 
more complex and may contain foci of calcifica- 
tion and irregular or smooth walls or septa in 
which measurable enhancement is present. Cystic 
masses that are difficult to categorize as II or III 
lesions are labeled as IIF, or cysts that warrant 
close follow-up. These include cysts that may 
contain multiple hairline thin septa or minimal 
smooth thickening of their wall or septa. Per- 
ceived enhancement of their septa or wall may be 
present. Their wall or septa may contain calcifi- 
cation that may be thick and nodular, but no 
measurable contrast enhancement is present. 
These lesions are generally well marginated. 
Totally intrarenal nonenhancing high-attenuation 
renal lesions of greater than 3 cm are also included 
in this category [47]. Category IV lesions are cystic 
masses that can have all the criteria of category III 
lesions, but also contain enhancing soft tissue 
components adjacent to, but independent of, the 
wall or septum (Fig. 4). Category I and II lesions 


are considered benign, whereas category III and 
IV lesions are possibly malignant and necessitate 
further definition. 


Preoperative evaluation for living renal donors 


The advent of laparoscopic donor nephrec- 
tomy in 1995 has increased the number of avail- 
able donors because of reduced postoperative 
pain and recovery time [50]. This procedure is 
associated with several technical challenges, 
including a limited surgical field of view. Conse- 
quently, a preoperative evaluation of the donor 
anatomy is critical. Information about the renal 
artery anatomy and the length and number of re- 
nal veins is required [51]. Traditionally, potential 
donors have been evaluated with IVU and renal 
angiography, but this has been replaced by CT an- 
giography [52]. More recently, MDCT has been 
shown to be useful for angiographic applications 
because it provides more complete anatomic cov- 
erage, increased contrast enhancement of the ar- 
teries, greater longitudinal spatial resolution, and 
more detailed and sensitive depiction of the renal 
vessels (Fig. 5) [51,53]. 

Some investigators recommend precontrast CT 
imaging to rule out nephrolithiasis, because it 
would be an important finding in potential renal 
donors, whereas others omit that phase to de- 
crease radiation dose [51,53]. Renal artery and ve- 
nous anatomy are evaluated on arterial phase 
images; if the renal veins are not enhanced during 
the arterial phase, then venous phase images at 55 
seconds are obtained [51]. Suspicious renal 
masses, a donor exclusion criterion, are detected 
best during the nephrographic phase. The collect- 
ing system is assessed either with a delayed topo- 
gram, a 3D reconstruction, or conventional 


Fig. 4. Bosniak type III cyst in the lower pole of the right kidney. (A) Precontrast and (B) venous phase images showing 


a thick enhancing wall (arrow). 
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Fig. 5. Three left renal arteries demonstrated in a 3D re- 
constructed image of the kidney in a potential donor. 


radiography using a lower radiation dose. Three- 
dimensional CT angiogram images can be ob- 
tained using either volume rendering or maximum 
intensity projection images, especially for the de- 
piction of small vessels [51]. The end result is a for- 
mat that is familiar to most surgeons for use in 
preoperative planning. An alternative imaging 
modality that can be used in patients allergic to 
IV contrast and that has been shown to be helpful 
for preoperative planning is 3D magnetic reso- 
nance angiography [54]. 


Ureteropelvic junction obstruction 


Ureteropelvic junction obstruction generally 
implies a congenital proximal ureteric obstruction 
detected in utero or later in life, although the exact 
cause is unclear. Intrinsic abnormalities of colla- 
gen or muscle and crossing vessels are potential 
causes. Traditionally, this condition has been 
evaluated by IVU or retrograde pyelograms. 
However, these examinations only demonstrate 
the lumen of the ureter and do not allow direct 
visualization of extrinsic abnormalities such as 
a crossing vessel [36]. The increasing use of mini- 
mally invasive procedures such as endopyelotomy 
necessitates a precise anatomic evaluation of the 
ureteropelvic junction and any crossing vascula- 
ture [55]. Endoscopic repair of ureteropelvic junc- 
tion obstruction can be performed using a blind 
incision in the posterior ureteral wall, and a poten- 
tial complication occurs if the incision encounters 
an abnormally positioned renal vessel [2]. MDCT 
angiography and urography with 3D reconstruc- 
tions can depict the collecting system, the ureters, 
and the vasculature in a format that is familiar to 
urologists and can help prevent such problems 
[36]. It can demonstrate the presence of crossing 


vessels and indicate whether they correspond to 
the level of the focal ureteral obstruction [55]. 
The CT protocol involves arterial and venous 
phase contrast-enhanced images with approxi- 
mately 30- and 60-second delays, respectively 
[55]. In addition to hydronephrosis, certain find- 
ings on CT often lead to the suggestion of ureter- 
opelvic junction obstruction [55], including 


e Rotation of the affected kidney in the axial 
plane with the hilum facing anteriorly, and 
in the coronal plane with the upper pole devi- 
ated laterally 

e Lack of perinephric stranding, reflecting 
a chronic state 

e Asymmetry of the rate and degree of cortico- 
medullary and ureteropelvic opacification 

e Presence of cortical thinning 

e Hydronephrosis of the extrarenal collecting 
system more than the intrarenal portion, 
that assumes an inverted teardrop shape ta- 
pering to the point of transition 


Three-dimensional CT angiography and urog- 
raphy have been shown to be of value in weighing 
or considering currently available treatment 
options, and may influence the selection of man- 
agement options of retrograde endopyelotomy or 
surgical dismembered pyeloplasty (open or lapa- 
roscopic) [56,57]. 


Bladder abnormalities 


Bladder conditions that can cause hematuria 
and voiding symptoms include neoplasms, stones, 
cystitis, and diverticula. Imaging modalities for 
evaluating the bladder include ultrasonography, 
CT, MRI, IVU, and cystography. Bladder disten- 
tion is essential for optimal CT evaluation. The 
bladder is visualized with contrast excreted by the 
kidneys or directly instilled through a foley cath- 
eter [36]. Flat tumors or small papillary tumors of 
the bladder can be missed with CT, and cystos- 
copy remains the standard for evaluating the blad- 
der for neoplasms. 


Adrenal imaging 


Incidental adrenal masses are found in 5% of 
patients undergoing abdominal CT [58]. Differen- 
tial diagnosis of an adrenal mass includes adrenal 
adenoma, primary cortical carcinoma, myeloli- 
poma, pheochromocytoma, and metastatic lesion. 
Most adrenal masses are adenomas, even in pa- 
tients who have extra-adrenal malignancy [58]. 
In this group of patients, differentiating adenomas 
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from metastases is important to determine the ap- 
propriate therapy. MRI is a very useful modality 
in defining adrenal masses [59]. Many studies 
have evaluated the usefulness of CT attenuation 
measurements at both unenhanced and delayed 
contrast-enhanced CT to differentiate benign 
from malignant lesions [60-66]. These studies 
have used two independent properties of adeno- 
mas that can be evaluated with CT to characterize 
these lesions. First, most adenomas contain large 
amounts of intracellular lipids, resulting in lower 
attenuation values than nonadenomas at unen- 
hanced CT [67]. Second, all adenomas, including 
those without substantial lipid content, tend to 
have a more rapid loss of attenuation value soon 
after enhancement with contrast material. Many 
of these studies have attempted to detect threshold 
attenuation values to differentiate adenomas from 
nonadenomas. Boland and colleagues [61] per- 
formed a meta-analysis of 10 CT studies and con- 
cluded that a threshold of 10 HU or less on 
unenhanced CT corresponded to a sensitivity of 
71% and specificity of 98% in the diagnosis of ad- 
renal adenomas. For patients found to have an in- 
cidental adrenal adenoma that did not have an 


unenhanced CT, some investigators have sug- 
gested using enhancement washout curves at 
15-minute delayed images to distinguish adeno- 
mas from nonadenomas, to avoid the cost and in- 
convenience of having the patient return for 
a repeat CT scan. [66,68]. Caoili and colleagues 
[67] evaluated adrenal masses using both proper- 
ties, with a protocol consisting of unenhanced 
CT. Enhanced and delayed enhanced CT images 
were obtained for those with attenuation values 
greater than 10 HU. An adenoma was diagnosed 
if a mass had an attenuation value of 10 HU or 
less at unenhanced CT, or a percentage enhance- 
ment washout value of 60% or higher (Fig. 6). Us- 
ing this protocol, the investigators reported 
a sensitivity of 98% and specificity of 92% in de- 
tecting adrenal adenomas. Other investigators felt 
that this approach may not be practical because of 
the 15-minute window necessary to review and in- 
terpret the CT findings to determine whether there 
is a need for a repeat delayed scanning, while the 
patient is kept in the CT department [69]. 
Adrenal myelolipoma is an uncommon benign 
tumor composed of mature adipose cells and 
hematopoietic tissue, with characteristic CT 


Fig. 6. Adrenal adenoma. (A) Right adrenal nodule (arrow) before IV contrast has a 6 HU density measurement. (B) 
Venous phase; nodule intensity measures 108 HU. (C) Delayed or washout phase; 31 HU. This finding is diagnostic 
of an adrenal adenoma by both CT attenuation criteria; it measures less than 10 HU on noncontrast scan and shows 
a percentage washout on delayed imaging of greater than 60%. 
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features [70]. These lesions classically have a nega- 
tive HU value caused by macroscopic fat. Because 
of the presence of hematopoietic tissue, the attenu- 
ation is usually higher than that of retroperitoneal 
fat. Areas of high attenuation that correspond to 
hemorrhage and calcifications may be seen as well. 


Renal trauma 


Renal injuries are common in patients who 
sustain blunt abdominal trauma. Ninety-five 
percent of renal injuries are minor and can be 
managed conservatively [71]. CT is the imaging 
modality of choice for evaluating blunt abdominal 
trauma in the hemodynamically stable patient. It 
can assess the severity of renal injury accurately, 
determine the presence of urinary extravasation 
and perirenal hemorrhage, and determine the sta- 
tus of the renal pedicle [72]. It is also an excellent 
modality to evaluate other nonrenal injuries. Indi- 
cations for urologic imaging in patients who have 
blunt abdominal trauma include gross hematuria; 
microscopic hematuria in a hemodynamicallyun- 
stable patient, if feasible; and microscopic 
hematuria associated with a positive diagnostic 
peritoneal lavage. Normotensive patients who 
have microscopic hematuria do not need any 
imaging, because the risk of serious injury that 
needs operative management in these patients is 
less than 0.2% [71,73,74]. The CT protocol used 
in evaluating renal trauma includes a corticome- 
dullary phase at 60 to 70 seconds after injection 
of contrast. If the initial CT images show deep 
parenchymal laceration or large perirenal fluid 
collection [72], an excretory phase is obtained at 
3 to 5 minutes after injection. Delayed scanning 
at 10 to 15 minutes can help assess the extent of 
urinary extravasation in selected patients who 


are suspected of having a urine leak. If bladder 
rupture is suspected, then CT cystography can 
be added to the protocol. For the CT cystogram, 
at the completion of the routine trauma imaging, 
50ml of 300 mgI/ml nonionic contrast (standard 
IV contrast) is mixed with 500cc normal saline 
and infused through the bladder catheter by grav- 
ity drip. The filling is continued until 400cc are in- 
stilled, or the patient becomes uncomfortable. 
Scanning is then performed through the pelvis. 
Postemptying scanning may be performed if the 
filled images are equivocal. 

Findings on CT in patients who have renal 
trauma include contusion, hematoma, laceration, 
active bleeding, renal infarct, and urinary extrava- 
sation [73]. Renal contusion (grade I renal trauma) 
is characterized by a focal area of decreased en- 
hancement in the renal parenchyma relative to nor- 
mal adjacent regions, and may have sharply or 
poorly defined margins. Contusions are differenti- 
ated from infarcts by the absence of enhancement 
in the latter. Subcapsular hematomas (grade I renal 
trauma) may have variable attenuation values, de- 
pending on the age of the clot, with acute hematoma 
typically hyperattenuating (40-60 HU) relative to 
renal parenchyma on unenhanced CT images. Re- 
nal lacerations appear as linear, low attenuation 
areas in the parenchyma and may be superficial 
(< 1 cm depth, grade II renal trauma) or deep 
(> 1 cm depth, grade III renal trauma). Deep lacer- 
ations may involve the collecting system (grade IV 
renal trauma), which may result in urinary extrava- 
sation, diagnosed when there is contrast enhance- 
ment within a laceration or around the kidney 
during the excretory phase of the CT, obtained 3 
to 10 minutes after contrast administration 
(Fig. 7). A diagnosis of traumatic false aneurysm 
or active hemorrhage should be considered if there 


Fig. 7. Grade IV renal injury from trauma. (A) Venous phase with large perinephric hematoma (arrow) with only a small 
portion of the anterior cortex (arrowhead) preserved. (B) Delayed phase showing extravasation of contrast anteriorly 
(arrow) and hematoma outlined by contrast within the renal pelvis (arrowhead). 


296 JOUDI et al 


is intense contrast enhancement within a laceration 
or an adjacent hematoma during the early phase of 
the CT examination. Inactive hemorrhage, contrast 
tends to track into surrounding tissue and has a lin- 
ear or flamelike appearance, whereas false aneu- 
rysms tend to be more focal and rounded. Patients 
in stable condition who have active vascular extrav- 
asation should be referred for angiographic 
embolization. 

Thrombosis or laceration of a segmental renal 
arterial branch produces a focal area of renal 
infarction. Infarcts appear as peripherally based, 
wedge-shaped areas of nonenhancing renal paren- 
chyma. Main renal artery thrombosis can lead to 
devascularization of the entire kidney (grade IV 
renal trauma). Grade V renal trauma includes 
shattered kidney or renal pedicle rupture. The 
classic findings of traumatic renal infarction at CT 
include absent nephrogram with retrograde opa- 
cification of the renal vein from the inferior vena 
cava, and abrupt truncation of the renal arterial 
lumen at the point of occlusion [75]. The cortical 
rim sign, which represents subcapsular enhance- 
ment paralleling the renal margin and is usually 
seen with major vascular compromise in the kid- 
ney, may be absent in the acute setting. 


Genitourinary fistulas 


CT is becoming increasingly useful for the 
diagnosis of fistulas of the genitourinary tract and 
is considered the primary test in some cases [76]. 
Although CT can be helpful in the work-up of any 
of the genitourinary fistulas, it is the imaging modality 
of choice when pyelo-alimentary, renocutaneous, and 
enterovesical fistulas are suspected. Parvey and col- 
leagues [77] found that CT was the single most useful 
diagnostic modality for renocolic fistulas. Images 
can demonstrate extrarenal inflammation or an ab- 
scess extending from the kidney to the colon with 
complex material and gas present within the renal 
collecting system. In renocutaneous fistula, CT 
may demonstrate a soft tissue tract and surrounding 
inflammation, with IV contrast excreted into the af- 
fecting calyx and cutaneous tract. A sinogram may 
help confirm the diagnosis. CT is the primary imag- 
ing modality for suspected cases of enterovesical fis- 
tula because it may show the fistulous tract and 
other suggestive findings, which include intravesical 
air, focal bladder wall thickening, and extraluminal 
masses (Fig. 8). Intravesical air is a key finding and 
thus CT should be performed before bladder instru- 
mentation if possible. 


Fig. 8. Colovesical fistula from sigmoid diverticulitis. (A) Sigmoid colon filled with rectal contrast; numerous diverticula 
(arrowheads). (B) Inflammation in the fat cephalad to the sigmoid (arrow). (C) Rectal contrast (open arrow) and air (open 


arrowhead) both within the bladder. 
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Genitourinary infections 


CT provides excellent anatomic details in the 
work-up of patients who have genitourinary in- 
fections. It is more sensitive than IVU and 
ultrasonography in diagnosing acute bacterial 
nephritis and renal and perirenal abscesses [78]. 
CT also improves the approach to surgical drain- 
age and permits percutaneous approaches when 
used to localize renal and perirenal abscesses. 

A contrast-enhanced CT scan is essential for 
a complete evaluation of a patient who has renal 
inflammatory disease, to evaluate changes in the 
renal parenchymal perfusion and excretion of the 
contrast material. The most common CT findings 
of acute pyelonephritis are ill-defined wedge- 
shaped lesions of decreased attenuation radiating 
from the papilla in the medulla to the cortical 
surface, with or without edema (Fig. 9) [21]. In im- 
muno-compromised patients who develop emphy- 
sematous pyelonephritis, CT is the best modality 
for detecting the presence of gas (—150 HU or 
less) and for defining the extent of the disease [79]. 

CT is currently the most accurate modality for 
detecting and following renal abscesses [80]. An 
abscess usually appears as a well-defined low-den- 
sity mass. An irregular and thick wall or pseudo- 
capsule usually enhances on CT, whereas the 
liquefied purulent material does not. Gas density 
in a cystic mass that is fluid-filled strongly suggests 
abscess formation. Perinephric abscesses appear 
as encapsulated fluid density material within the 
perinephric space. 

In xanthogranulomatous pyelonephritis, CT 
usually shows an enlarged nonfunctioning kidney 
that contains multiple, round, hypodense masses 


Fig. 9. Pyelonephritis. Perinephric fat stranding (arrow) 
and striated nephrogram in the right kidney. The patient 
was explored for appendicitis before the CT scan with 
residual abdominal wall air (arrowhead). 


Fig. 10. Xanthogranulomatous pyelonephritis. Classic 
appearance of a large renal stone (arrow) with kidney en- 
larged and replaced by low attenuation masses (bear paw 
sign). 


corresponding to dilated calyces or inflammatory 
tissue. There is usually a central calcification 
within the kidney (Fig. 10) [81]. 


Summary 


Recent advances in CT imaging have made it 
the most commonly used imaging modality in 
urology and the one with which urologists are 
most familiar. With the introduction of CT 
urography, CT angiography, and 3D reconstruc- 
tion, urologists are able to use a single imaging 
technique to perform comprehensive evaluations 
of patients who have different pathologies. It is 
thus prudent that urologists be familiar with what 
CT has to offer, to maximize the clinical in- 
formation available to them. 
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Although CT is the mainstay of cross-sectional 
genitourinary (GU) imaging, MRI is becoming 
a useful and powerful alternative for imaging the 
kidneys, ureters, and bladder [1,2]. In the past, 
MRI suffered from decreased spatial resolution 
when compared with CT because of long data ac- 
quisition times and degradation of images by mo- 
tion. These technical limitations are being 
overcome gradually as imaging times become ex- 
ponentially shorter and spatial resolution ap- 
proaches that of CT. Contrast resolution has 
always been exquisite with MRI without the 
need for intravenous contrast administration. 
Three-dimensional multiplanar capabilities have 
also contributed to the familiar anatomic imaging 
of the kidneys, ureters, and bladder, which is done 
traditionally in the coronal plane, same as for in- 
travenous urography. Although MRI still is con- 
sidered a problem solver for issues that are not 
or cannot be resolved with CT, it is also a viable 
alternative to conventional cross-sectional imag- 
ing (ie, CT), with some important benefits. 


Benefits of MRI over CT 


This discussion is confined to renal mass 
detection and characterization. MRI can detect 
renal lesions on the order of 1 cm as well as CT 
can [3,4]; any lesion smaller than 1 cm would be 
difficult to characterize by either modality, and it 
is unlikely that a lesion this small would require 
immediate therapy. Staging renal lesions is more 
complete with MRI than CT, particularly when 
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determinating renal vein and inferior vena cava 
(IVC) involvement, which can be particularly 
prone to error on contrast-enhanced CT. 

An increasing number of patients are being 
scanned with CT, and even though current non- 
ionic, low osmolar contrast agents are generally 
safe, there is still a moderate adverse reaction rate 
of almost 1% [5]. Contrast reactions, in general, 
are anaphylactoid and do not represent true anti- 
body-mediated allergic reactions. Although most 
contrast reactions are generally mild and self- 
limited, up to 25% of patients who experience 
one reaction will experience another after iodinated 
contrast readministration [6]. The potential neph- 
rotoxicity of iodinated contrast is another draw- 
back of CT. The contrast agent used with MRI 
is a chelate of the rare earth element gadolinium. 
In its elemental form, gadolinium is toxic, but 
when chelated it becomes safe, with virtually no 
side effects and no nephrotoxicity. Some GU pa- 
tients have iodine contrast allergies or renal insuf- 
ficiency, and MRI is the perfect alternative for 
imaging those requiring contrast (eg, for assessing 
a renal mass for enhancement) [7]. If nephron 
sparing surgery is contemplated, MRI is better 
able to differentiate tumor from perinephric fat, 
renal sinus, and collecting system, helping the 
urologist decide if partial nephrectomy is feasible 
in some patients [8]. Patients who have genetic 
anomalies resulting in an increased risk for renal 
cell carcinoma (RCCA) (eg, von Hippel-Lindau), 
and those with conditions that produce other re- 
nal lesions that may mimic RCCA (eg, tuberous 
sclerosis), can be followed safely with yearly 
MRI instead of CT. This follow-up regimen will 
protect these high-risk patients from recurrent ex- 
posure to ionizing radiation from CT, with no loss 
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in ability to detect or characterize renal lesions. 
Often, follow-up CT examinations in patients 
who have a history of RCCA are performed 
yearly. Surveillance could be performed with 
MRI in these patients as well. Further, the addi- 
tive effects of radiation and the potential harm 
to developing tissues in children, or to a develop- 
ing embryo in a pregnant woman, can be obviated 
by the use of MRI, which has shown no adverse 
affects in these patients. Those patients who 
would benefit more from renal MRI than from re- 
nal CT are as follows: 


Patients with a history of iodinated contrast 
allergy 

Patients with a compromised renal function 

Children 

Women of child-bearing age 

Patients being considered for nephron-sparing 
surgery 

Surveillance in patients at high risk for RCCA 

Patients with a prior history of renal neoplasia 
who require surveillance 


MRI is not for all patients. Box | lists the po- 
tential disadvantages of MRI over other cross- 
sectional imaging modalities. Patients who are 
critically ill (eg, ICU patients) and those who 
have difficulty with the breath-holding require- 
ments of MRI are not ideal candidates. Within 
each MRI examination are a number of sequences 
geared toward answering a specific question. 
These sequences can be obtained within one (or 
more) breath holds by the patient. But the dura- 
tion of each breath hold is approximately 20 to 
30 seconds, and patients who are critically ill or 
who are unable to cooperate for other reasons 


Box 1. Disadvantages of MRI 


MRI is not for everybody. 

e Very ill, ICU patients 

e Patients with pacemakers 

e Patients with ferromagnetic implants 

e Patients who have claustrophobia 

MRI requires a longer examination time 
(20 to 30 minutes vs. less than 10 
minutes for CT). 

MRI still requires intravenous contrast 
administration. 

Quality may be affected by variable 
technology and technologist 
experience. 


(dementia, chronic obstructive pulmonary disease, 
and so forth) should not have an MRI. Scanning 
these patients often results in a poor quality exam- 
ination that may be uninterpretable. Patients who 
have ferromagnetic implants (neurovascular aneu- 
rysm clips, cochlear implants, pacemakers, defi- 
brillators) cannot be placed in the magnet. 
Potentially, a ferromagnetic clip could move in 
the strong magnetic field of a magnetic resonance 
(MR) scanner and become dislodged from the ves- 
sel to which it is attached. Placing a pacemaker 
wire in a strong magnetic field can disrupt the 
pacemaker’s normal electrical discharge and po- 
tentially lead to cardiac dysrhythmias. Examina- 
tion times for MRI have shortened with the 
availability of stronger magnetic gradients. How- 
ever, examination times at our institution are still 
on the order 20 to 30 minutes for a full renal mass 
protocol. Many patients find this amount of time 
in the magnet to be uncomfortable. Patients with 
claustrophobia may require oral sedation before 
the examination and even then may fail to tolerate 
the confined space. Experience at our institution 
has shown that open magnets result in signifi- 
cantly degraded scan quality. 


Physics 


In-depth physics discussions are best left to our 
colleagues with the slide rules. However, it is 
helpful to know how an image is made with MR. 
Patients are placed on a gantry that enters the 
magnetic bore of the magnet (Fig. 1). The bore, 


Fig. 1. MR scanner. The bore of the MRI scanner’s 
magnet is the central opening where the strong magnetic 
field is generated. 
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which looks like a donut, produces the strong 
magnetic field used to create the image. In a strong 
magnetic field, the free water protons (ie, hydro- 
gen ions) in the patient orient to the magnetic 
field, along the z-axis. The z-axis is straight 
through the bore, along the long axis of the pa- 
tient (ie, head to toe). A radio frequency (RF) an- 
tenna, also called a “‘coil,”’ is placed on the patient 
over the body part to be imaged. This coil trans- 
mits RF pulses through the patient and energizes 
the protons in the z-axis. When the RF pulses are 
stopped, the protons give off the energy that was 
imparted to them by the RF pulse. This emitted 
energy is received by the same RF coil and it is 
from this energy that the MR image is created. 
Each MR sequence takes advantage of the 
intrinsic property of the body’s tissues to absorb 
and give up this energy. How the energy is 
imparted through the physics of the pulse se- 
quences and whether energy is released quickly or 
slowly determine the “weighting” of an image. In 
general, an image is either T1 or T2 weighted. Box 2 
contains the signal intensities of common struc- 
tures encountered with the Tl- and T2-weighted 
images used in our renal neoplasm MRI protocol 
(Fig. 2). MRI possesses exquisite contrast resolu- 
tion even without the addition of intravenous con- 
trast. On Tl-weighted images (T1WI), fluid is 
generally dark (also called “low signal”) and on 
T2-weighted images (T2WI), fluid is bright (also 
called “high signal”). For example, within the kid- 
ney, the cortex is higher signal (or brighter) than 


Box 2. T1- and T2-weighted image 
characteristics 


T1-weighted image 

e Simple fluid is low signal (ie, dark); 
internal controls: bladder, 
cerebrospinal fluid 

e Fat is high signal (ie, bright) 

e Kidneys 

cortex (high signal) 

medulla (low signal) 


T2-weighted image 

e Fluid is high signal (bright); internal 
controls: gallbladder, bladder, 
cerebrospinal fluid 

e Fat is also high signal 

e Kidneys 

fluid (high signal) 


the medulla, which is lower signal (or dark) on 
TIWI. On T2WI, kidneys are generally high sig- 
nal because of their high fluid content. Gadoli- 
nium administration results in augmented 
relaxation of protons on T1WI, and thus struc- 
tures that enhance with gadolinium become 
brighter. Box 3 lists common uses of MRI in 
urology. 

The goal of imaging indeterminate renal cystic 
lesions and solid masses is to separate those 
lesions that should be treated surgically (eg, 
RCCA) from those lesions that can be character- 
ized as benign (eg, simple cysts, angiomyolipomas 
(AML), complex cysts) and those lesions requir- 
ing sequential follow-up (eg, “minimal fat” AML, 
renal abscess, Bosniak IIF cysts). Staging of 
RCCA is done equally well with CT or MRI, 
except for the important surgical planning related 
to vascular invasion into renal veins or IVC [9,10]. 
Here, MRI outperforms CT because MRI is able 
to detect venous invasion with sensitivities of 
100%, compared with 79% for CT [9]. In the set- 
ting of an adrenal mass, MRI can separate easily 
most adrenal adenomas from adrenal metastases 
without the need for intravenous contrast. Pheo- 
chromocytomas may be characterized more safely 
by MR; there are case reports of administrating 
iodinated contrast to patients who have pheochro- 
mocytoma resulting in a hypertensive crisis during 
CT. Benign adrenal masses such as myelolipomas 
are demonstrated well on TIWI because the fat 
contained within these lesions is detected easily 
as high signal on T1WI; the fat becomes dark 
with the application of a frequency-selective fat 
saturation pulse that nulls the signal coming 
from the macroscopic fat. 


Renal masses 


In the US, approximately 32,000 new cases of 
RCCA are diagnosed annually. Renal carcinoma 
accounts for 2% of all cancers and approximately 
12,000 deaths per year [11]. More renal masses are 


Box 3. Common MR applications 
in urology 


Evaluation of solid renal masses 

Evaluation of renal cysts and cystic 
masses 

Staging of RCCA 

Characterization of adrenal masses 
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Fig. 2. MR renal neoplasm protocol through normal kidneys. (A) T1-weighted, (B) T2-weighted, and (C) T1 postgado- 
lintum image (last two with fat saturation). (D) MR angiogram and (E) MR venogram of abdominal vascular in coronal 
plane. (F) Subtraction images of kidneys in coronal plane. Ultrasound of normal kidneys in (G) sagittal and (H) trans- 
verse planes. (J) CT with intravenous iodinated contrast of normal kidneys in axial plane. 


being detected in asymptomatic patients because 
of the expanded use of imaging for myriad rea- 
sons. MRI is equivalent to CT in ability to detect 
renal lesions of approximately 1 cm [3,4], and in 
detecting lymphadenopathy [12]. MR detects po- 
lar lesions more often and it outperforms CT in 
correctly diagnosing venous invasion (100% 
sensitivity). 

Our renal mass protocol includes the sequences 
shown in Table 1. Box 4 lists the uses of each se- 
quence for renal lesion detection and characteriza- 
tion; evaluation for adenopathy; and detection of 
renal vein and IVC invasion. 

The signal characteristics within a renal mass 
detected by MRI correlate well to findings on 
pathologic examination [3]. For example, high sig- 
nal on TIWI may represent areas of hemorrhage, 
necrosis, or proteinaceous debris within a renal 
mass. Enhancing elements represent viable tumor 


(Fig. 3). On T2WI, renal lesions are often higher 
signal than the surrounding normal renal paren- 
chyma, making them more conspicuous (Fig. 4). 
The most important factor in determining if a 
renal lesion is a solid neoplasm is the presence 
of enhancement. Enhancement is evaluated by 
comparing unenhanced TIWI to gadolinium- 
enhanced T1WI; any detectable lesion is assessed 
for perceivable or measurable increase in signal in- 
tensity after contrast. Qualitative assessment of 
enhancement is a reasonable approach to diagnos- 
ing an enhancing renal mass. If the lesion is 
brighter in the postcontrast images than in the 
precontrast images, it is safe to conclude it is en- 
hancing (Fig. 5). A quantitative approach es- 
poused by Ho and colleagues [13] is to measure 
regions of interest (ROI) within the lesion precon- 
trast and after administration of gadolinium. 
With all other scan parameters held constant 
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Table 1 

Renal neoplasm MRI protocol sequences 

Sequence Plane TR (ms) TE (ms) Flip Angle Thickness (mm) Gap (mm) 
T2 HASTE Cor 1000 80.0 180 5.0 0.0 

T2 HASTE Ax 1000 75.0 180 5.0 0.0 

T1 Gradient Echo Ax 128 4.8 70 5.0 0.1 

T1 Gradient Echo (FS) Ax 135 4.8 70 5.0 0.1 
Dynamic T1 3D Gradient Echo (FS) Ax 3.73 1.7 12 25 0.0 

Turbo MRA Cor 2.89 1.1 20 Variable 0.0 


Abbreviations: Ax, axial; FS, fat saturation; HASTE, half-Fourier acquisition single-shot turbo spin-echo; Cor, cor- 
onal; Sag, sagittal; TE, echo time; the time from the start of the pulse sequence until the signal (ie, the echo) is acquired; 
TR, repetition time; the time between successive pulse sequences; Turbo MRA, magnetic resonance angiography rapid 
acquisition examination following administration of intravenous gadolinium. 


between the pre- and postcontrast images, if the 
lesion increases in signal intensity by more than 
15%, then the lesion is said to be enhancing, indi- 
cating a solid renal neoplasm (Fig. 6). Percentage 
of enhancement is calculated as follows: [(SIpost — 


Box 4. Renal neoplasm MRI protocol 
sequences and uses 


T2 HASTE 

e It is rapidly acquired. 

e It provides good anatomy overview. 
e Fluid-containing structures are bright. 


T1 gradient echo 

e Fat is bright (AML and myelolipomas 
are conspicuous). 

e Complex fluid (eg, hemorrhage) is also 
bright. 

e Adenopathy is easily visualized. 


T1 gradient echo with fat saturation 
e Fat-containing structures become dark. 
e Complex fluid remains bright. 


T1 gradient echo 3D dynamic sequence 
(after intravenous administration of 
gadolinium) 
e Enhancement within any portions of 
a mass or cyst is consistent with 
a neoplasm. 
e Vessels enhance. 


MR angiography and MR venography 

e Vessels enhance, allowing for 
detection of renal vein and IVC 
involvement. 

e Vascular anatomy can be mapped. 


STpre)/SIprel 100%, where SJ,,- is the precon- 
trast signal intensity of the lesion and SJ,,s; is 
the postcontrast signal intensity of the lesion. 
On T2WI, foci of signal as high as the signal 
from cerebrospinal fluid, for example, represent 
areas of fluid or cystic change (Fig. 7). 

Benign lesions such as AML also enhance. 
However, TIWI with MRI will detect the high 
signal fat contained within these renal lesions 
accurately. With fat saturation sequences, the 
fatty portions of the mass drop in signal, which 
is diagnostic of a fat-containing renal mass, 
virtually pathognomonic for AML (Fig. 8). After 
the exclusion of AML, and in the absence of lym- 
phoma and metastatic disease, all other enhancing 
renal lesions represent surgical lesions. Unfortu- 
nately, neither CT nor MRI can differentiate on- 
cocytomas from RCCA. Box 5 lists the imaging 
characteristics of RCCA. 


Renal cysts 


Renal cysts are common. Although it is rare 
for patients younger than 30 years old to have 
cysts, renal cysts increase with age. It is common 
to detect renal cysts in patients over the age of 50. 
Acquired cystic disease of dialysis is encountered 
frequently in tertiary care settings. Patients who 
have inherited cystic diseases are followed rou- 
tinely by urologists or nephrologists for close 
surveillance of their kidneys. Approximately 
15% of all RCCAs are partly cystic [14]. Morton 
Bosniak, a uroradiologist, developed a systematic 
method to help differentiate benign renal cysts 
from cystic renal neoplasms, using CT criteria. 
There is a significant correlation between CT 
and MRI when applying the Bosniak system, 
and MRI is an equally useful tool for assessing 
whether a renal cyst is harboring a malignancy. 
Cyst characteristics on MRI are listed in Box 6. 
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Fig. 3. RCCA. (A) Axial enhanced CT shows right upper pole enhancing renal mass (arrows). (B) Ultrasound correla- 
tion to CT shows mass (m). (C) T1-weighted coronal MRI shows right upper pole renal mass (arrow). (D) T1 postga- 
dolinium fat saturation image shows intensely enhancing mass (arrow). 


Simple cysts have characteristic imaging find- 
ings on ultrasound, CT, and MRI. With ultra- 
sound, renal cysts are described as being 
anechoic, being round or oval, having an imper- 
ceptibly thin wall, and producing acoustic en- 
hancement. With CT, simple cysts are round or 
oval and have a thin wall, with no perceptible 
internal contents. The fluid in these lesions 
should have the same attenuation measurement 
as simple fluid (less than 20 Hounsfield units). 
Unenhanced and enhanced imaging are required 
to ensure the cystic lesion does not possess 
enhancing components in the wall or septa. 
Characteristic findings on MRI mimic those on 
CT. These round or oval lesions follow the signal 
intensity of simple fluid on all sequences and 
therefore are low signal on T1WI and high signal 
on T2WI. No internal structures should be 
appreciable, neither wall thickening nor septa. 


After gadolinium there is no enhancement seen 
in the cyst. Simple cysts are believed to arise 
from obstructed collecting tubules (Fig. 9) [15]. 
These lesions require no further work-up. 
Complex cysts are essentially simple cysts with 
an added layer of complexity. Processes that may 
complicate an otherwise simple cyst include hem- 
orrhage, infection, or debris, which results in 
variable signal on Tl- and T2WI. Hemorrhage 
often result in high signal on TI WI because of the 
paramagnetic effects of blood breakdown prod- 
ucts [16]. Proteinaceous contents within a cyst 
may also yield high signal on TIWI. On T2WI, 
older hemorrhage may result in a black ring along 
the cyst wall from deposition of old blood (met- 
hemoglobin) or the entire cyst may be low signal 
(dark). Hairline septa and thin eggshell-like calci- 
fications may be seen within the cyst. MRI has 
an enhanced ability to detect cyst septa, when 


Fig. 4. RCCA. (A) Tl-weighted axial MRI shows hypointense (dark) right midpole renal mass (arrow). (B) T2-weighted 


axial image shows hyperintense (bright) renal mass (arrow). 
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Fig. 5. RCCA. (A) Tl-weighted coronal MRI shows hypointense right midpole renal mass (arrow). (B) T1-weighted 
postgadolinium coronal image shows enhancing renal mass (arrow). 


compared with CT [17]. No enhancement should 
be observed in any component of the complex 
cyst. On CT, high density lesions of less than 
3 cm, which show no enhancement, fall into the 
category of Bosniak II complex cysts (Fig. 10). 


These lesions generally require no further 
work-up. 

MRI is insensitive to calcification detection. 
This characteristic originally was thought to 
represent a downside to MRI when assessing 


Fig. 6. Calculation of percentage enhancement in renal mass. (A) Tl-weighted coronal MRI shows hypointense left 
lower pole renal mass (m). (B) Tl-weighted postgadolinium coronal image shows the mass to be enhancing (m). (C) 
Same image as in (A), with region of interest drawn over renal mass, showing an average signal intensity of 141. (D) 
Same image as in (B), with region of interest drawn over enhancing renal mass, showing an average signal intensity 
of 313. Percentage enhancement is calculated at 122%, verifying enhancement in this RCCA. 
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Fig. 7. Cystic RCCA. Several images show solid components within a large cystic mass. (A) Tl-weighted axial image 
shows large left renal mass that is predominantly cystic, containing complex fluid (note high signal fluid (f); nodules 
within the mass represent the solid component of this neoplasm (arrows). (B) T2-weighted fat saturation axial image 
shows high signal intensity to the cystic fluid (f). (C) T2-weighted coronal image shows same fluid (f) components 


and nodules (arrows) as in (A). 


renal cystic lesions. However, Israel, Bosniak, and 
colleagues [18] studied calcifications as an inde- 
pendent risk factor for renal carcinoma and deter- 
mined that, in general, the presence of calcifications 
is the less predictive finding of RCCA in renal 
cysts, when compared with the finding of enhance- 
ment within portions of the cyst. On CT, calcifi- 
cation actually may produce a beam-hardening 
artifact that can hamper the radiologist’s ability 
to measure enhancement within solid portions of 
the cyst. Therefore, MRI may be considered the 
preferred method to assess calcified cysts because 
the calcification does not interfere with ability to 
perceive and measure contrast enhancement. 

A beam-hardening artifact may result in false 
attenuation measurements on CT, leading to the 
spurious assessment of enhancement within a re- 
nal lesion. The artifact can be seen also with small 


simple cysts that are surrounded by intensely 
enhancing renal parenchyma during the dynamic 
(ie, enhanced) phase of a CT scan; this artifact is 
known as renal “pseudoenhancement.” An ele- 
gant experiment was performed to determine why 
some simple cysts appear to enhance after con- 
trast but, pathologically, are proven to be simple 
cysts [19]. Researchers placed water-filled bal- 
loons in baths containing various concentrations 
of iodinated contrast. The water balloons sur- 
rounded by higher concentrations of iodinated 
contrast gave measurements that were higher at- 
tenuation than those of simple water. This appar- 
ent enhancement was termed pseudoenhancement 
and represents a combination of the beam-hard- 
ening artifact and the image-reconstruction algo- 
rithm used by the CT scanner. The pertinent 
clinical example is when a simple cyst attenuation 


Fig. 8. Other renal masses. (A) T1-weighted and (B) T2-weighted axial fat saturation images show fatty mass (m) arising 
from anterior aspect of the right upper kidney. With fat saturation in (B), the mass loses signal (ie, becomes dark), con- 


sistent with a fatty mass. Diagnosis is angiomyolipoma. 
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Box 5. RCCA characteristics on MRI 


e Imaging characteristics of tumor 
correlate well with gross pathology. 

e T1WI is usually isointense (same signal 
as kidney) or hypointense (dark), but 
highly variable because of signal from 
necrosis or hemorrhage. 

e T2WI is variable, but usually slightly 
hyperintense (bright). 

e With gadolinium, tumor enhances, but 
less than normal renal parenchyma. 

e Enhancement represents viable tumor. 

e Lack of enhancement suggests 
necrosis or cystic formation. 


is measured precontrast and after contrast admin- 
istration; pseudoenhancement artifact results in 
measurably higher attenuation of the cyst on the 
enhanced portion of the scan. This finding may 
lead to the false conclusion that the cyst is en- 
hancing, and thus may represent a neoplasm. 
To account for the variations in attenuation of re- 
nal cysts by CT, at our institution a renal lesion 
must enhance by more than 20 Hounsfield units 
to be considered truly enhancing, with a threshold 
of 15 Hounsfield units considered “borderline” 
enhancement [20]. MRI, again, is not subject to 
this type of artifact and thus MRI can be used 
as a problem solver in this circumstance. 

High density cysts, defined as cysts that have 
a higher CT density than the adjacent nonen- 
hanced parenchyma, represent still another kind 
of complex cyst. To differentiate between a high 
density cyst (no enhancement seen) and a high 
density cystic renal mass (where enhancement is 
present), intravenous contrast administration is 
required (Figs. 10 and 11). Often, high density 
cysts will be complex on MRI, possibly showing 
high signal intensity on T1WI related to hemor- 
rhage or proteinaceous debris within the cyst. Af- 
ter gadolinium, enhancing lesions would also 
appear high signal intensity. To determine if the 
high signal intensity is related to enhancement in 
the cyst or to complex high signal fluid, we use 
a technique called subtraction. On the scanner, 
the technologist postprocesses pregadolinium 
and postgadolinium T1WI images, whereby the 
unenhanced T1WI scan is subtracted mathemati- 
cally from the enhanced T1WI. If signal is still 
present in the cyst after subtraction, then elements 
within the cyst are truly enhancing (Fig. 12). 


Box 6. Cyst characteristics on MRI 


Bosniak | (simple cysts) 

e Hypointense (dark) on T1WI 

e Hyperintense (bright) on T2WI 
e No internal structures 

e No enhancement 


Bosniak II (complex cysts) 

e Hypointense (dark) or hyperintense 
(bright) on T1WI (ie, variable signal) 

e Variable on T2WI 

e “Hairline” thin (< 1mm) septa 

e Eggshell calcifications 

e No enhancement 


Bosniak III (indeterminate cysts) 

e Variable T1 signal 

e Variable T2 signal, but usually 
hyperintense (bright) signal 

e Smooth or irregular septa with 
enhancement or smooth or irregular 
wall thickening with enhancement 


Bosniak IV (cystic RCCA) 

e Variable T1 signal 

e Variable T2 signal, but usually 
hyperintense (bright) signal 

e Solid components demonstrating 
measurable enhancement 

e Mural nodularity 

e Smooth or irregular wall thickening 

e Smooth or irregular septa 


Bosniak IIF (F for follow up) 

e Variable signal intensities 

e Questionable enhancing elements 
e Many septa 

e Chunky (masslike) calcification 


Bosniak III lesions are known as indetermi- 
nate cysts. These cysts will show variable signal 
on Tl- and T2WI. These lesions contain thick- 
ened, irregular or smooth septa or wall showing 
measurable enhancement. Cystic lesions with 
large calcifications also are placed in this cate- 
gory. Fig. 13 shows an indeterminate, Bosniak HI 
type cyst. These lesions require surgical 
exploration. 

Bosniak IV lesions are frank cystic RCCAs and 
demonstrate enhancing solid components within 
a predominantly cystic lesion. Elements that 
enhance may include portions of the cyst wall, 
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Fig. 9. Simple cyst. (A) T1-weighted axial, (B) T2-weighted axial, and (C) Tl-weighted postgadolinium fat saturation 
coronal images show a simple cyst in left upper renal pole (arrow). (D) Ultrasound correlation shows a round cyst (ar- 
row) with simple characteristics of imperceptible thin wall, anechoic (black) center, and increased sound through trans- 


mission behind the cyst wall. 


a mural nodule, or thick septation within the cyst. 
Fig. 14 shows a cystic RCCA, Bosniak IV. 

The Bosniak classification itself becomes com- 
plex. Bosniak realized that some cysts do not fall 
easily into category II or III, making the decision 


between surgical treatment and observation not 
clear cut. Thus, he created a category IIF (for 
follow-up) [21]. These lesions may be slightly 
more complex than a Bosniak type II renal cyst, 
but not so complex that immediate surgery is 


Fig. 10. Complex cyst. (A) Unenhanced axial CT scan through left upper kidney shows a 3-cm-high density mass or cyst 
(arrow). Because the patient had renal insufficiency, MRI was performed for further characterization. (B) T1-weighted 
axial fat saturation image shows that the lesion does not follow signal characteristics of simple fluid (ie, it is not dark on 
TIWI). (C) T2-weighted axial fat saturation image shows the lesion is fluid containing (ie, it is high signal like cerebro- 
spinal fluid). (D) T1-weighted axial postgadolinium fat saturation MRI image shows no enhancement, confirming this to 
be a complex renal cyst (Bosniak II). (E) Axial T1-weighted fat saturation in early phase of gadolinium administration 
shows the lesion measures 18 mean signal intensity units. (F) Later phase of gadolinium administration shows the lesion 
measures 20 mean signal intensity units. Enhancement for this lesion is 11%, representing no significant enhancement. 
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Fig. 11. Hyperdense cyst. (A) Axial unenhanced CT image shows a high density left midpole renal cyst or mass (arrow). 
(B) After iodinated contrast administration, the lesion had no appreciable change in attenuation, consistent with a com- 


plex renal cyst (Bosniak II). 


warranted. These are the “watchful waiting” 
kidney lesions that can be followed closely in a 
reliable patient. If the lesion becomes more 
complex, it will declare itself as a Bosniak III 
or IV, thus requiring surgery. However, if the le- 
sion remains stable, it may be followed safely 
without change for years. Those patients who 
are poor operative candidates, or who succumb 


to intercurrent illnesses before a small lesion be- 
comes clinically important, may be followed as 
well, with their treatment options reassessed at 
follow-up [22]. Some Bosniak IHF lesions actually 
may become less complex over time and thus re- 
quire no further work-up (eg, hemorrhagic cyst, 
which becomes simple appearing once the hemor- 
rhagic clot resorbs). 


Fig. 12. Subtraction images in two different subjects. Subject 1 shows a complex cystic lesion in left midpole (arrow) on 
(A) TIWI, (B) TIWI with fat saturation, (C) TIWI after gadolinium and (D) subtraction images. Please note that it 
would be difficult to discern if the high signal on postgadolinium images (C) is due to baseline high signal, as seen in 
(A) and (B), or if it represents true enhancement. However, subtraction images, whereby the signal present on the initial 
image is subtracted from the postgadolinium image, show only what has changed between these two sequences. Note 
that there is no signal within the cyst on subtraction image (D), consistent with a nonenhancing cyst. The opposite is 
true for subject 2. A complex cystic lesion in right midpole (arrow) is seen on (E£) TIWI, (F) TIWI with fat saturation, 
(G) TIWI after gadolinium, and (H) subtraction images. Note that on the subtraction images (H), there is obvious signal 
within the cystic lesion, representing the enhancement that occurred in this cystic renal neoplasm after gadolinium 
administration. 
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Fig. 13. Indeterminate cyst. (A) T2-weighted coronal image shows septa (arrow) in a cystic mass in the right upper renal 
pole. (B) T2-weighted axial image with fat saturation. (C) T1-weighted axial image with fat saturation shows no drop in 
signal, demonstrating no fat in the mass. (D) After gadolinium, the septa show enhancement (arrow). (E) Ultrasound 
showing same cyst with septation (arrow). (F) Contrast-enhanced CT obtained for other reasons also shows the septation 


(arrow). 


Renal cell CA staging 


Tumor, nodes, and metastasis (TNM) staging 
is becoming the preeminent staging system for 
RCCA [23]. With refinement over the years, it 
has shown a greater prognostic value than the for- 
merly popular Robson staging system. Once a le- 
sion is shown to enhance on MRI, RCCA is the 
primary consideration, and staging of the tumor 
can be performed with the images acquired during 
the MR examination. With TNM staging, T, for 
tumor, is determined, based on the maximal size 
of the tumor, measured along the tumor’s long 
axis. Volumetric (ie, 3D) data sets in CT and 


MRI make this measurement easy to perform, 
and the longest dimension of the tumor should 
be reported to allow for accurate T staging of 
the renal neoplasm. Nodal disease is characterized 
equally well with MRI as with CT. By convention, 
pathologic nodes are those nodes measuring more 
than 1 cm in short axis. Lymph nodes are interme- 
diate in signal on T1 WI, similar in signal intensity 
to muscle. Nodes are seen best on TIWI because 
they stand out against the background of abdom- 
inal and retroperitoneal fat, which is very bright 
on T1WI (Fig. 15). Renal mass invasion into adja- 
cent structures, such as the liver or psoas muscle, 


Fig. 14. Cystic RCCA. Coronal (A) T2-weighted, (B) T1-weighted pregadolinium, and (C) T1-weighted postgadolinium 
images show a cystic lesion in the lower pole of the right kidney containing a mural nodule (arrow) that enhances after 
gadolinium administration. Did you notice the left lower pole enhancing solid mass (*), representing a second RCCA in 


this patient who has von Hippel-Lindau? 
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Fig. 15. Adenopathy. T1-weighted axial images through midabdomen before (A) and after (B) the administration of ga- 
dolinium shows aortocaval lymph node enlargement (arrow) from metastatic disease. 


and distant metastatic deposits can be assessed 
with T1WI before and after gadolinium enhance- 
ment (Fig. 16). MRI outperforms CT when evalu- 
ating tumor invasion into the renal vein or IVC, 
with negative predictive values of nearly 100% 
for the absence of tumor involvement (Fig. 17) 
[24]. All sequences in the MRI provide some infor- 
mation about the patency of the vascular struc- 
tures, but flow-sensitive techniques are used 
specifically to assess for vascular invasion. Gado- 
linium-enhanced MR arteriography and MR ve- 
nography provide exquisite arterial and venous 
mapping and determine more accurately the ex- 
tent of any thrombus, compared with CT. Arterial 
and venous anatomy are well shown, including 
anomalies such as duplicated renal arteries and 
circumaortic and retroaortic renal veins, further 
assisting the urologist with surgical planning. 


Adrenal imaging 


Many people find adrenal imaging confusing 
because of the multitude of ways in which an 


adrenal mass can be imaged. Imaging is brought 
to bear when an adrenal lesion in a patient who 
has cancer may represent a metastasis; when 
a patient has markers for pheochromocytoma; 
or when an otherwise healthy individual has an 
incidentally discovered adrenal mass. When an 
incidental adrenal mass is found during the 
staging work-up of a patient who has cancer but 
no other identified or suspected metastatic disease, 
an important part of staging involves excluding an 
adrenal metastasis. This analysis is handled best 
with CT, which can diagnose adrenal adenoma 
accurately with specificities close to 100% [25]. In 
cases that cannot be characterized by CT, or for 
patients who have a contraindication to iodinated 
contrast, adrenal MRI may be done with equal ac- 
curacy in diagnosing adrenal adenomas [26]. Be- 
nign adrenal adenomas contain a significant 
amount of lipid in their cytoplasm. The lipid is 
the precursor to the steroid hormones synthesized 
by the adrenal cortex. Metastases do not contain 
significant lipid in their cytoplasm [26]. MRI 
uses an artifact known as chemical shift to identify 


Fig. 16. Hepatic invasion. Tl-weighted coronal postgadolinium MR images show a large right upper pole renal mass 
(m). (A) Sharp demarcation is seen between liver and renal mass on this image (white arrows). (B) No clear demarcation 
between the renal mass and the liver is seen on a more anterior image, representing hepatic invasion by the mass (black 


arrows). 
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Fig. 17. Venous invasion. Coronal Tl-weighted postgadolintum MR images (A) and (B) show thrombus in left renal 
vein (*) and IVC (arrows) extending just below the heart. (C) Hepatic venogram shows filling defect in IVC (arrow) 


just below the heart. 


benign lipid-containing adrenal adenomas [27]. 
Chemical shift artifact occurs when approximately 
equal amounts of lipid and water are in the vol- 
ume being imaged. The signals of these two com- 
ponents cancel one another out when chemical 
shift is maximized. Thus, the lipid-sensitive se- 
quence actually is performed in two separate se- 
quences of one scan. In one sequence, known as 
“in-phase,” chemical shift artifact is at a minimum 
and the signals of lipid and water are additive. In 
the second sequence, known as “‘opposed-phase,” 
chemical shift artifact is at a maximum, and the 
signals of lipid and water cancel one another, re- 
sulting in the adrenal mass being darker on the 
opposed-phase images when visually or quantita- 
tively compared with the in-phase images 
(Fig. 18). CT is the test of choice in assessing po- 
tential adrenal adenomas. When CT is equivocal, 
MRI may be used [28]. 

In the proper clinical setting of elevated 
urinary metanephrines or elevated resting plasma 
catecholamines, MRI can be performed to locate 


pheochromocytomas, which have relatively reli- 
able imaging characteristics [29]. A screening MR 
scan is performed from the level of the adrenal 
glands, where approximately 90% of pheochro- 
mocytomas are found. The scan continues 
through the paraspinal region (along the sympa- 
thetic chain) and down through the region of the 
organ of Zuckerkandl to the bladder dome using 
T2WI in-phase, and TIWI opposed-phase, and 
Tl pre- and postgadolinium imaging with fat- 
selective saturation techniques. Pheochromocyto- 
mas present as high signal masses on T2WI and 
often enhance intensely after gadolinium adminis- 
tration. Pheochromocytomas, in general, do not 
drop in signal on opposed-phase imaging. Myelo- 
lipoma is a fat-containing lesion that originates 
from the adrenal gland and is diagnosed easily 
with CT and MRI. It is often difficult to determine 
if a large fat-containing lesion has arisen from the 
adrenal gland, or if it is primarily a retroperitoneal 
mass with mass effect on, or invasion of, the adre- 
nal gland, such as a retroperitoneal liposarcoma. 


Fig. 18. Adrenal adenoma. T1-weighted gradient echo axial images of right adrenal mass (arrow) using in-phase (A) and 
opposed-phase (B) sequences shows drop-out of signal (ie, adrenal mass gets darker) on opposed-phased sequence, con- 


sistent with adrenal adenoma. 
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If the lesion’s origin from the adrenal gland can- 
not be confirmed, the mass should be followed 
closely to assess for rapid growth. Rapid growth 
or pain is an indication to remove the retroperito- 
neal fatty mass because it raises the possibility of 
a liposarcoma. The remaining adrenal lesions re- 
quire a tailored approach. There are no specific 
findings in primary adrenal carcinoma, although 
often they are described as large lesions, being 
more than 6 cm at diagnosis. Biopsy of primary 
adrenal carcinoma is often unhelpful in the diag- 
nosis. Usually, primary resection is undertaken if 
adrenal adenoma cannot be confirmed by imaging 
studies. 


MR urography and advanced techniques 


MR urography (MRU) is an alternative to 
conventional intravenous urography and CT 
urography. Because the spatial resolution of 
MRU is limited when assessing the calyces, 
infundibuli, renal pelvis, and ureters, MRU is 
best reserved for when patients cannot undergo 
intravenous urography or CT urography. MRU 
uses one or both of the following techniques: 
heavily T2-weighted images, which show fluid- 
containing structures as bright; or gadolinium- 
enhanced excretory MRU, whereby excreted 
gadolinium opacifies the collecting systems. 


A combination of these two techniques provides 
complementary information. Heavily T2- 
weighted coronal sequences can be performed 
with consecutive thin slices (4 mm) that provide 
fine detail (Fig. 19A). Coronal thick slabs (4 cm 
or more) performed in multiple obliquities pro- 
vide a global overview of the collecting systems 
(Fig. 19B). Heavily T2-weighted sequences take 
advantage of the high fluid content of urine- 
containing structures, with urine acting as an in- 
trinsic contrast agent. This fluid appears as very 
bright signal on the T2-weighted images obtained. 
Normal findings include high signal fluid 
throughout the nondilated calyces, infundibuli, 
renal pelvis, ureters, and bladder. If caliectasis 
or ureterectasis is identified, the cause and level 
of obstruction are sought (Fig. 20). Obstruction 
from stricture, extrinsic compression, or filling de- 
fects can be assessed without intravenous contrast 
administration. Filling defects in the fluid may 
represent stones, tumor, blood clot, sloughed pa- 
pilla, or fungus balls. Periureteral edema suggests 
an acutely obstructing stone as the cause for hy- 
droureteronephrosis. A limitation of this tech- 
nique is the lack of renal functional information 
(ie, the technique images the fluid already present 
in the collecting system). Inadequate distension of 
the collecting system limits ability to visualize ab- 
normalities. Wall thickening from inflammation 
or from transitional cell carcinoma might be 


Fig. 19. (A) Thin slice MR urogram. Consecutive 5-mm slices from T2-weighted coronal images show fine detail of the 
renal pelvis (p) and proximal ureters (arrows). (B) Thick slab MR urogram. Consecutive 4-cm-thick slab T2-weighted 
coronal image obtained in three separate obliquities shows global overview of nonobstructed calyces, infundibuli, renal 
pelves, ureters, and bladder (b/). These 4-cm coronal slabs also include portions of the spinal canal (SC). 
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Fig. 20. Thick slab MR urogram. Four-cm-thick slab 
T2-weighted coronal image shows dilated collecting sys- 
tems bilaterally down to the level of the bladder. Collect- 
ing system dilation was due to bladder wall thickening 
from muscular hypertrophy. 


visualized inadequately. Calcifications in stones 
may not be seen with MRI even though the filling 
defect and obstruction will be evident. 

Gadolinium-enhanced excretory MRU is per- 
formed using T1WI with fat saturation obtained 
as a volume acquisition (3D) in the coronal plane. 
Normal findings include uptake and excretion of 
the high signal (ie, bright) contrast into non- 
dilated collecting systems (Fig. 21). With intrave- 
nous gadolinium administration, kidney function 
can be assessed, in addition to the morphology of 
the collecting systems. These sequences show ure- 
teral wall thickening and abnormal enhancement, 
suggesting tumor or inflammation. These se- 
quences also show strictures, extrinsic compres- 
sion, or filling defects in the excreted contrast 
column. Limitations of this technique include 
poor excretion of contrast, caused by renal ob- 
struction or renal insufficiency. For both tech- 
niques, adequate hydration is essential and 
intravenous furosemide administration may be 
required to achieve adequate urinary distension. 
Gadolinium and furosemide will not distend the 
collecting systems adequately in patients who 
have chronic renal insufficiency and atrophic 
kidneys. 

A detailed discussion of advanced techniques 
such as MRU [30,31], MR of bladder carcinoma 
[32], and MR spectroscopy for prostate cancer 
[33,34] is beyond the space constraints of this arti- 
cle. The reader is referred to the many informative 
articles about these techniques. 


Fig. 21. Gadolinium-enhanced excretory MR urogram. 
Coronal T1WI with fat saturation after intravenous ga- 
dolinium administration shows excreted contrast filling 
nondilated collecting systems, ureters, and bladder. 


Summary 


MRI has evolved slowly into a useful imaging 
tool for GU patients who cannot have iodinated 
contrast, for patients who require a problem- 
solving modality for equivocal ultrasound or CT 
findings, or for those patients for whom repeated 
CT may represent an unacceptable exposure to 
ionizing radiation. Still, MRI is not for all 
patients because the scan time remains relatively 
prolonged when compared with CT. Some pa- 
tients cannot be scanned with MRI due to 
absolute (pacemaker, other ferromagnetic im- 
plants) or relative (claustrophobia) contraindica- 
tions. MRI is a sophisticated procedure that 
requires substantial technical and medical exper- 
tise for performing the examination and interpret- 
ing findings. Close communication between the 
urologist and the uroradiologist is required to 
determine if MR imaging of the GU system is 
right for a particular patient. 
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Radiopharmaceutics used in genitourinary 
imaging 


Its unique sensitivity to functional changes 
makes renal scintigraphy with renography the 
imaging procedure of choice in the evaluation of 
conditions that induce focal alterations in kidney 
function or drainage. Because intravenous con- 
trast is not used, scintigraphy neither damages the 
kidneys nor induces allergic reaction, and thus 
offers a clear advantage over intravenous pyelog- 
raphy (IVP) and CT. Additionally, it is better than 
IVP in visualizing both renal parenchyma and the 
collecting system in patients who have renal 
insufficiency or renal failure. Decisions regarding 
further work-up, type of treatment, duration of 
therapy, follow-up visits, and prognosis can be 
influenced by scintigraphy. In comparison with 
other diagnostic imaging modalities, nuclear med- 
icine studies are noninvasive, with minimal patient 
discomfort, and no risk. Nuclear medicine studies 
are relatively nonoperator dependent and gener- 
ally cost effective. They frequently provide unique 
functional information unavailable from ultra- 
sound, IVP, CT, or MRI. 

There are multiple radiopharmaceutic agents. 
Each agent has unique characteristics that allow it 
to provide the clinician with specific information. 
Therefore, it is important that the practitioner 
understand the radiopharmaceutic and its attri- 
butes, so that the appropriate study is ordered and 
the desired information provided. 


* Corresponding author. 
E-mail address: rgoldfar@chpnet.org (C.R. Goldfarb). 


Technetium”””-diethylene triamine penta-acetic 
acid 


Technetium?’™-diethylene triamine penta- 
acetic acid (°™Tc-DTPA), is a chelating agent 
that has been in use since the 1970s. °°"Tc-DTPA 
reaches equilibrium in the bloodstream approxi- 
mately 1 to 2 hours after intravenous administra- 
tion. It is lipid insoluble and therefore does not 
enter the cell. The portion that is not protein bound 
(roughly 90%-99%) is almost entirely removed 
from circulation by glomerular filtration. There- 
fore, it is the imaging agent most suited to measure- 
ment of glomerular filtration rate (GFR) [1]. 
°™Tc-DTPA is readily available, easy to prepare, 
and inexpensive. Early images using °""Tc-DTPA 
provide information about renal perfusion, 
whereas delayed images provide information about 
GFR (renal function) and the collecting system. 
A disadvantage of using DTPA is a small but vari- 
able degree of plasma protein binding, roughly 1% 
to 10%, which can result in an underestimation of 
the actual GFR. Because DTPA is almost exclu- 
sively filtered, adequate imaging of the collecting 
systems is GFR-dependent. 


1237 or 1317 Hippuran 


Hippuran, or ortho-iodohippuric acid, is an 
organic anion. The kidney secretes it so rapidly by 
way of glomerular filtration and tubular secretion 
that there is virtually none remaining in the renal 
arterial plasma after a single pass through the 
kidney. This attribute allows its clearance to be 
used as an estimation of effective renal plasma 
flow (ERPF). The major disadvantages of using 
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hippuran are the radioisotopes used to label it. 
1317 is a beta-emitter, which results in a high radi- 
ation dose per imageable photon. Moreover, the 
emitted photon is poorly imaged by conventional 
gamma cameras, owing to its high energy (364 kil- 
oelectron volts (keV)). !77I is much more suitable 
for imaging, with an emission of 159 keV, but it 
requires a cyclotron for production and has a short 
half-life of 13 hours. These factors, and its high 
expense, limit its use at most major medical 
centers. 


99m 


Technetium ™”-mercaptoacetyl triglycine 


Technetium?’™-mercaptoacetyl triglycine 


@°™Tc-MAG3), has replaced hippuran for renal 
imaging at most facilities [2]. Like hippuran, it is 
cleared predominantly by tubular secretion. Un- 
like hippuran, it is labeled with °°™Tc, an ideal 
agent for imaging because of its photon emission 
energy (140 keV), adequate half-life (6 hours), 
ease of preparation, and manageable expense. 
MAG3 is excreted predominantly by way of tubu- 
lar secretion; however, extrarenal mechanisms 
account for 10% of the total clearance (mostly 
hepatobiliary). Because of its variable and slightly 
higher extrarenal clearance, MAG3 is less suitable 
than hippuran for estimating ERPF. °°™Tc- 
MAG3 is extensively protein bound in plasma, 
substantially restricting its glomerular filtration 
and limiting its ability to measure GFR. The active 
secretion of MAG3, independent of GFR, makes 
it the agent of choice for imaging patients who 
have renal insufficiency or urinary obstruction. 


99m _ J; ne 
Technetium™""-dimercaptosuccinic acid 


Technetium °’"-dimercaptosuccinic acid 
(°"Tc-DMSA), is another chelating agent that 
has been adapted for use in renal imaging [3]. Tc- 
labeled DMSA localizes in the renal cortex, with 
negligible accumulation in the renal papilla and 
medulla. DMSA is therefore the radiopharmaceu- 
tic of choice for identifying cortical defects, locating 
aberrant kidneys, and, most importantly, for dis- 
tinguishing benign-functioning space-occupying 
lesions, which typically are DMSA avid, from path- 
ologic renal masses that appear as defects. Inability 
to image the collecting system and provide informa- 
tion on ureteral emptying is an obvious limitation 
of DMSA. In addition, renal tubular acidosis, cer- 
tain medications, and tubulopathies have been 
shown to reduce renal DMSA uptake. Neverthe- 
less, DMSA plays an important role in imaging re- 
nal cortical abnormalities. 


99m 


Technetium ™-glucoheptonate 


Technetium”””-glucoheptonate (°™Tc-GHA), 
like DTPA, has been used in renal imaging for 
nearly 30 years [4]. Roughly one half of the activ- 
ity in plasma is protein bound, and GHA is ex- 
creted partially by tubular secretion. Unlike 
other secreted agents, however, there is significant 
uptake of GHA in the renal cortex. GHA there- 
fore has intermediate characteristics between tub- 
ularly secreted tracers (such as MAG3 and 
hippuran) and “cortical” tracers (DMSA). It is 
able to image both the cortex and the collecting 
systems. Unlike DMSA, abnormalities of acid- 
base balance have no effect on renal uptake. These 
characteristics can be an advantage, depending on 
the specific situation. 


Role of nuclear medicine in upper urinary tract 
obstruction 


Nuclear medicine plays a pivotal role in the 
evaluation of urinary tract obstruction. Although 
other imaging modalities (such as CT, ultrasound, 
and intravenous urography) display anatomic 
detail, only nuclear imaging can provide non- 
invasive information regarding dynamic function 
[5]. The unique information provided by nuclear 
medicine studies, including differential function 
between right and left, and clearance time, may 
be critical in patient management. 

The radiopharmaceutic of choice in the setting 
of obstructive uropathy is °™Tc-MAG3, and the 
classic study performed is diuresis renography. 
A standardized protocol for this type of examina- 
tion has been introduced [6]. Patients should be 
well hydrated before arrival. The study can be per- 
formed with the patient sitting up or lying supine. 
Flexibility of positioning and lack of dietary re- 
striction provide distinct advantages over other 
imaging studies. The bladder is emptied immedi- 
ately before starting the examination. Images of 
the kidneys and bladder are obtained for approxi- 
mately 20 to 40 minutes after injection of the 
radiopharmaceutic. Ifan abnormal result is encoun- 
tered, a diuretic (usually furosemide 0.5 mg/kg) is 
administered intravenously and additional images 
are obtained for another 15 to 20 minutes. Data 
analysis is performed by defining regions of inter- 
est over the kidneys and bladder, and a background 
area for comparison. The number of counts occur- 
ring in each region of interest, correcting for the 
background count, is then plotted over time. The 
resultant curves characterize the renogram. 
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The normal renogram curve has three distinct 
phases (Fig. 1). The first phase is characterized by 
a rapid rise immediately after radiopharmaceutic 
injection, reflecting the perfusion to the kidneys. 
The second phase of the renogram is characterized 
by a more gradual increase in counts over time, re- 
flecting the renal clearance of the radiotracer. The 
normal curve peaks after 2 to 5 minutes, marking 
the beginning of the third phase of the renogram. 
This excretion phase is characterized by a gradual 
decline in renal counts over time, with a corre- 
sponding slow increase in bladder counts. The third 
phase, therefore, reflects the efficiency of urinary 
radiotracer excretion. The normal time required 
for one half of the tracer to leave the collecting sys- 
tem, or “half-time,” is less than 10 minutes. 

Renal function is evaluated primarily by the 
second phase of the renogram, when activity in 


each kidney is proportional to ERPF and, to 
a much lesser extent, GFR. Urinary obstruction, 
depending on its degree and duration, will often 
depress the slope of the second phase, altering the 
relative function assessment. 

A normal renogram excludes clinically signif- 
icant obstruction. When obstruction is present, 
the third phase of the renogram will be flattened 
to an extent dependent on its severity (Fig. 2). As 
obstruction becomes more severe or protracted, 
renal function is depressed and uptake is reduced 
(thus altering the second phase, as described ear- 
lier). When severe obstruction is present, uptake 
in the kidneys may be little more than the back- 
ground count, resulting in nonvisualization of 
the affected urinary components. 

A common cause of a false-positive ‘‘obstruc- 
tive’ renogram is slow elimination of the 
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Fig. 1. Normal renogram. (A) Posterior planar images obtained at 1-minute intervals following °”"Tc-MAG3 injection. 
(B) Note the three distinct phases of the renogram curves (red, blue, and yellow arrows denoting phases 1, 2, and 3, re- 
spectively) and emptying half-times of less than 10 minutes. (C) How the emptying half-time is measured. 
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Fig. 2. Total left-sided obstruction with partial right-sided obstruction. Posterior planar images of a 58-year-old woman 
with a history of prior left ureteropelvic junction obstruction. (A) Note delayed excretion in both kidneys. (B) Following 
the administration of furosemide, there is no response in the left kidney and suboptimal response in the right. These find- 
ings represent high-grade obstruction on the left and partial obstruction on the right. BS, background subtracted. 


radiotracer due to urinary stasis. This potentially 
confounding factor is overcome by the routine 
administration of a diuretic during the course of 
the examination to induce a high urinary flow 
rate. This procedure is referred to as a diuretic 
renal scan. A nonobstructed urinary system will 
respond to the administration of the diuretic with 
an abrupt decline in renal activity (Fig. 3). A more 
gradual decline in activity after diuretic adminis- 
tration reflects a “suboptimal” response, and is in- 
terpreted as equivalent to obstruction. Other 
potential sources of false-positive renograms are 
unrecognized dehydration (which often produces 
a suboptimal response to diuretic); poor renal 


function; and massive dilatation of the collecting 
system with urinary stasis that is not the result 
of obstruction. A full or nearly full bladder will 
physiologically impair renal washout; therefore, 
it is best to keep the bladder relatively decom- 
pressed throughout the study. 

Another possible pattern of the renogram 
curve in response to diuretic administration is 
the “delayed decompensation’ pattern. Initial 
response to diuretic administration is good, but 
at a certain point the curve flattens out or begins 
to rise, reflecting increased flow rates that partially 
obstructed systems cannot tolerate. These systems 
begin to decompensate, resulting in further 
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Fig. 3. Nonobstructive hydronephrosis. A 70-year-old man with a history of colon cancer and hydronephrosis. Appar- 
ent poor excretion from the right kidney (A) demonstrates good response to the administration of furosemide, indicating 
nonobstructive hydronephrosis (B). BS, background subtracted. 


dilatation. The goal of diuresis renography is to 
determine the urodynamic significance of a dilated 
collecting system. This information is crucial for 
proper patient management. 


Medical renal disease 


The differential diagnosis of acute renal failure 
includes urinary tract obstruction and primary 
medical renal disease, such as acute tubular 
necrosis (ATN), interstitial nephritis, and glomer- 
ulonephritis. Often, medical renal diseases can be 
diagnosed and differentiated using radionuclide 
assays. As originally described in the renal trans- 
plant literature, the °°*"Tc-MAG3 renal scan can 


also differentiate among ATN obstruction, and 
other medical renal diseases [7]. 

Blaustein and colleagues [8] have suggested 
a distinct pattern of ATN in MAG3 renal imaging 
in native kidneys. They reported preserved renal 
perfusion with gradually increasing parenchymal 
uptake for 60 minutes, with minimal or no excre- 
tion into the upper urinary tract. Unlike patients 
who have ATN, patients who have glomerulone- 
phritis or interstitial nephritis demonstrate poor 
renal uptake of tracer, and a renal biopsy may 
be required to make a diagnosis. Renal scans 
have also been used to diagnose renal transplant 
rejection. These scans show impaired kidney per- 
fusion and poor parenchymal uptake of tracer [9]. 
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Nuclear medicine in renal infection imaging 


Radionuclide imaging can be used to identify 
and monitor infections encountered in urologic 
practice. ©’Gallium citrate and ''indium- or 
°™Tc-labeled autologous white blood cells con- 
centrate in inflamed and infected tissues. No cur- 
rently available tracers can distinguish infection 
from sterile inflammation. Gallium also accumu- 
lates in some tumors and cannot distinguish be- 
tween benign and malignant inflammatory 
processes. °’Gallium-citrate is injected intrave- 
nously and imaging of the abdomen is com- 
menced 48 hours later. A repeat study can be 
obtained at 72 hours to differentiate suspected in- 
flammatory or neoplastic lesions from physiologic 
gallium accumulation in the bowel. If there is clin- 
ical urgency to make a diagnosis earlier, imaging 
at 24 hours or even at 4 to 6 hours will often iden- 
tify a focus of infection, although detail will be 
suboptimal before 2 days. Also, physiologic up- 
take of gallium in the kidneys can persist up to 
24 hours after injection and can obscure renal in- 
fection. A renal scan or colloid liver/spleen scan 
may be obtained in the same position as the gal- 
lium scan, for subtraction, to localize any abnor- 
mal sites of uptake more accurately. Recently, 
single photon emission tomography (SPECT) 
fused with CT has markedly improved lesion 
localization. 

"Indium or ?°™Tc white cell imaging requires 
drawing approximately 60 mL of blood, followed 
by labeling with tracer, and reinjection. Imaging 
with '''indium WBC commences at 24 hours, 
whereas °”™Tc WBC are imaged several hours af- 
ter labeling and reinjection. Neither tracer is ideal 
for urologic imaging because of physiologic accu- 
mulation in the kidneys and bladder, a problem 
not encountered with gallium as long as images 
are obtained more than 24 hours after injection. 


Acute pyelonephritis 


Renal cortical scintigraphy with °°" Tc-DMSA 
or ™Tc-GHA can detect acute pyelonephritis 
and areas of scarring in chronic pyelonephritis. 
It can demonstrate focal or global areas of de- 
creased uptake of tracer with preservation of the 
renal contour. Corresponding cortical abnormali- 
ties are present in 50% to 90% of children with 
febrile UTI [10]. In acute pyelonephritis, scintigra- 
phy shows focal areas of decreased activity or fo- 
cal defects, whereas other imaging modalities may 
be normal or show minor anatomic changes. Scars 


may be the end result of reflux or infection of the 
renal parenchyma as in acute pyelonephritis. 


Chronic pyelonephritis 


Renal scintigraphy is the procedure of choice 
for long-term follow-up of the functional and 
anatomic status of the kidneys in patients who 
have chronic pyelonephritis. Although parenchy- 
mal or drainage system anatomy may show little 
change and be difficult to evaluate, scintigraphy 
can determine quantitatively whether the disease 
is stable, progressive, or resolving. 


Renal abscesses 


Renal abscesses usually result from ascending 
spread of urinary tract pathogens. Clinical pre- 
sentation is usually symptomatic, with fever and 
flank pain similar to that of pyelonephritis, but 
a significant number of patients may have nega- 
tive urinalysis when the abscess fails to commu- 
nicate with the collecting system. Although 
scintigraphy may show the abscess as a focal 
defect, the image is not diagnostic. Gallium or 
WBC imaging may be capable of localizing the 
area of abscess, yet in most circumstances differ- 
entiation from pyelonephritis is difficult. Gallium 
and labeled white cells have been useful occasion- 
ally in the detection of abdominal abscesses, most 
notably those involving the psoas muscle. 


New radiopharmaceutics for diagnosis of 
inflammatory conditions 


Fanolesomab (FNB), a ”™Tc-labeled murine 
anti-CD 15 IgM monoclonal antibody that specif- 
ically targets neutrophils, is a novel radiopharma- 
ceutic designed to detect and localize infections. 
FNB has shown promise in detecting infectious 
states, such as appendicitis or other intra-abdom- 
inal infection. FNB has the advantage of imaging 
within minutes of injection, having a ”’"Tc label 
(allowing better count rate and image detail), 
and ease and speed of preparation. FNB is likely 
to replace gallium and labeled white cells for sci- 
nitgraphic infection detection, except in the kid- 
neys, where physiologic uptake limits FNB’s 
accuracy. 


Nuclear medicine in oncological imaging 


Nuclear medicine imaging for the management 
of urologic malignancy has expanded beyond its 
early role as a test for metastatic bone disease. 
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Metastatic disease 


Conventional radionuclide imaging has a long 
history in the investigation of bone metastases in 
urologic malignancies. Skeletal scintigraphy (ra- 
dionuclide bone scan) is the most sensitive method 
for detecting bone metastases (Fig. 4) [11]. False- 
negative results in patients undergoing metastatic 
evaluation for prostate cancer can occur, how- 
ever, especially in the marrow-containing vertebra 
[12]. MRI is particularly sensitive for detecting 
lesions in this area. A positive bone scan is not 
specific for malignancy and often requires con- 
firmation by plain radiography, CT, or MRI. 
A thorough history, including information regard- 
ing recent fractures, surgery, or known arthritic 
conditions, will reduce misinterpretation. 

Patients who have diffuse metastatic bone 
involvement demonstrate uniformly increased up- 
take of radionuclide in the skeletal structures with 
either a faint or absent renogram. This phenom- 
enon is referred to as a “‘superscan” because the 
exquisite skeletal detail is mistaken occasionally 
by inexperienced interpreters as a normal bone 
scan [13]. It can be seen in patients who have met- 
astatic prostate cancer with diffuse bony metasta- 
ses. For the osteoblastic bone metastases typically 
found in prostate cancer, conventional bone scan 
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Fig. 4. Positive bone scan of a 54-year-old man with 
a history of metastatic prostate cancer. Multiple foci of 
metastatic disease are noted involving the skull, mandi- 
ble, cervical spine, thoracic spine, ribs, manubrium, 
scapula, both humeri, the sacrum, the iliac bones, and 
both femurs. 


appears to be superior to FDG-PET (positron 
emission tomography) [14]. 

In recent years, PET has been used increasingly 
in detecting, staging, and monitoring a wide 
variety of malignancies (Fig. 5). In urologic prac- 
tice, FDG-PET can examine regional nodal sta- 
tus, disclose distant metastases, and discover 
local recurrence in prostate, bladder, and testicu- 
lar cancers. 


Prostate cancer 


Although conventional ultrasonography or 
MRI is able to identify the anatomic features of 
prostate cancer, several studies have identified 
a niche for PET scan in investigating nodal 
involvement and detecting recurrence in the post- 
operative or postradiation field. There may be 
a role for PET in monitoring patients who have 
hormone refractory or metastatic prostate un- 
dergoing investigational and novel therapies. 


Testicular cancer 


Staging of testicular cancer includes histology, 
serum tumor markers, and CT. Although retro- 
peritoneal nodes may not be enlarged by CT 
criteria, retroperitoneal lymph node dissection 
may reveal positive nodal disease in 20% to 
30% of cases. Overall, CT has been reported to 
have false-negative rates exceeding 50% and false- 
positive rates as high as 40%. FDG-PET has been 
shown to be superior to CT in staging testicular 
cancer [15], but, as with a CT scan, the resolution 
of a PET scan limits its ability to detect small mi- 
crometastases. Theoretically, PET may provide 
a tool to differentiate fibrosis and necrosis from 
persistent or recurrent active disease. In addition, 
PET may be useful in following patients’ re- 
sponses to chemotherapy [16]. 


Bladder cancer 


Detection of bladder cancer using PET is 
limited because FDG is excreted physiologically 
into the urinary tract. Nevertheless, some small 
studies have reported the usefulness of FDG-PET 
for the evaluation of recurrent or residual disease. 
There may be a role also for detecting lymph node 
involvement. Further studies are necessary before 
a recommendation can be made about the use of 
PET in bladder cancer [17]. 


Pheochromocytoma 


Pheochromocytomas arise from the chromaffin 
cells of the adrenal medulla. They can cause severe 
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Fig. 5. Metastatic disease to the liver. A 63-year-old man with suspected renal cell carcinoma who underwent a PET-CT 
for metastatic work-up. CT (A), PET (B), PET-CT fusion (C), and whole-body PET images (D) demonstrate a hypermet- 
abolic lesion in the dome of the liver likely representing metastatic disease (arrows). 


hypertension, and therefore it is vitally important 
to diagnose and identify all sites harboring ma- 
lignant cells. Metaiodobenzylguanidine (MIBG) 
scintigraphy, using '”I or '7'I, is especially useful 
for the detection of ectopic pheochromocytomas 
and also for the identification of metastatic or lo- 
cally recurrent disease because, unlike ultrasonog- 
raphy, CT, or MRI, it is a whole-body, functional 
imaging technique [18]. Pheochromocytomas are 
seen as focal areas of increased MIBG activity. 
The sensitivity of MIBG scintigraphy in detecting 
functioning pheochromocytomas is slightly less 
than 90% and its specificity exceeds 90% if corre- 
lated with CT or MRI. 

Although, MIBG scan is the gold standard for 
detecting ectopic pheochromocytomas, a role for 


PET scan may be emerging. There have been 
several case reports of FDG-PET detecting 
ectopic active tumors in patients who had 
a false-negative MIBG scan [19]. If patients have 
biochemically proven pheochromocytoma, and 
CT, MRI, or MIBG fails to identify the source, 
FDG-PET may be useful for finding ectopic or 
metastatic disease. 


Palliation of bone pain in cancer patients 


A significant number of patients who have 
advanced cancer have moderate to severe bone 
pain. The current standard of therapy involves the 
use of narcotics; however, significant side effects 
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and quality of life issues are associated with this 
type of treatment. A number of radiopharmaceu- 
tics are currently available for reduction of 
metastatic bone pain, and their use can diminish 
the need for narcotics and thus improve overall 
quality of life for patients who have advanced 
cancer [20]. 

Most of the data supporting the use of radio- 
pharmaceutics for the treatment of bone pain 
come from studies on metastatic breast, prostate, 
and lung cancer, although any cancer that has 
a positive bone scan should be amenable to 
treatment [21]. The duration of response generally 
ranges from a few weeks to a few months, and 
thus treatments every few months are the typical 
standard. Currently, three radiopharmaceutics 
are commercially available for bone pain pallia- 
tion: sodium phosphate (P), strontium-89 chlo- 
ride (Sr), and samarium-153 ('*Sm). 


Sodium phosphate 


>2P has been in use since the 1950s to relieve 
bone pain from metastatic prostate and breast 
cancer. After intravenous or oral administration, 
radioactive phosphate is incorporated into hy- 
droxyapatite. Early studies demonstrated good re- 
sponse rates, on the order of 60% to 85%, and 
more recent data have confirmed their efficacy 
[22]. Major advantages of P include the ability 
to administer it orally, the fact that it does not 
have to be sterile or completely free of pyrogens, 
and its relatively low expense [23]. 


Strontium-89 chloride 


89Sr, like 77P, has been used successfully for 
bone pain palliation for many years. A compre- 
hensive review by Silberstein and colleagues [21] 
of 18 publications demonstrated an overall re- 
sponse rate of 65%, with the amount of response 
directly proportional to the administered dose. 


Samarium-153-ethylene- 
diaminetetramethylenephosphonate 


Samarium-153-ethylene-diaminetetramethyle- 
nephosphonate binds hydroxyapatite through 
chemisorption and a hydrolysis reaction with 
oxygen on the hydroxyapatite molecule. Several 
studies have shown response rates of 55% to 80%, 
with no additional effects demonstrated at higher 
doses [24]. 

The primary adverse reaction from these radio- 
pharmaceutics is myelotoxicity, and severe cases 


resulting in fatalities using ®°Sr and '?Sm have 
been described. These deaths were the result of 
severe thrombocytopenia, which may have a multi- 
factorial etiology in patients who have advanced 
cancer. An initial 48 to 72 hour increase in pain, 
known as the “flare phenomenon,” has also been 
described in up to two thirds of patients and 
has been associated with a therapeutic palliative 
response. 


Summary 


Urologists use radiotracers most frequently in 
the assessment of kidney function and the de- 
tection of postrenal obstruction. Nuclear medicine 
studies are also of value in the localization of 
abdominal infection, the differential diagnosis of 
renal transplant complications, and the staging 
of genitourinary malignancies. Recently, PET 
using 18F-flurodeoxyglucose has expanded the 
role of radionuclide imaging in oncology. Pre- 
liminary research has been done. However, the 
application of this technology to urologic malig- 
nancies may be limited. Currently, radiolabeled 
monoclonal antibodies and positron tracers are 
being evaluated for both diagnostic and therapeu- 
tic applications for urologic malignancies. Radio- 
pharmaceutics are likely to occupy a significant 
but changing role in the urologic armamentarium. 
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In the past decade, a wide array of imaging 
modalities has been studied in an attempt to better 
image the prostate gland. Most of this effort was 
directed toward evaluating modalities to assess 
tumor in the prostate. However, significant im- 
provement has been made in the evaluation of 
benign prostatic hypertrophy (BPH) and bladder 
outlet obstruction (BOO). 

Imaging of the prostate in BPH is focused on 
assessing prostate size to best evaluate treatment 
for BPH and to exclude the presence of prostate 
cancer. Although there is continuous clinical 
research on the appropriate evaluation of BPH, 
the American Urological Association (AUA) and 
the International Consultation on BPH do not 
currently recommend imaging of the prostate 
gland as a routine. Nonetheless, gray scale trans- 
abdominal and transrectal ultrasound (TRUS), 
have been extensively evaluated for the assessment 
of BPH. Specifically, TRUS has been shown to 
reliably assess anatomical size, prostatic texture, 
and volume of the transitional zone. Transabdo- 
minal ultrasound is less invasive and is mainly 
used to assess bladder residual volume and the 
upper tracts. 

For the evaluation of patients with prostate 
cancer, ultrasound and computed tomography 
(CT) have become the standard. Conventional 
ultrasound is not sufficiently sensitive or specific 
to detect prostate cancer [1]. TRUS serves to 
guide prostate biopsies, but is not reliable for stag- 
ing, which commonly is being done by CT or 
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magnetic resonance imaging (MRI), which has 
been available since 1984. Although CT and 
MRI have a high sensitivity for detecting lymph 
node metastases, their sensitivity for local disease 
is limited [2], and despite being the most accurate 
imaging techniques available for assessment of 
the prostate, they are expensive and have limited 
availability. Additionally, a large variation in re- 
ported staging accuracy has been documented 
[3,4]. These inconsistencies are related to varia- 
tions in technique, sample size, and study popu- 
lation, and the ever-changing state-of-the-art 
technology. We will review the gray-scale ultra- 
sound techniques currently available for the as- 
sessment of the prostate gland, and then focus 
on the new ultrasound imaging technologies for 
evaluating benign and malignant disease in the 
prostate, including their degree of acceptance as 
reported in the literature. 


Conventional sonographic evaluation 
of the prostate 


Transrectal ultrasound (TRUS) is an effective 
technique for calculating the volume of the 
prostate gland. Hendrikx and colleagues [5] com- 
pared ultrasonic prostatic volumes with physical 
measurements of completely removed specimens 
from human cadavers, and demonstrated a high 
correlation between the two measurements. Sev- 
eral methods for the sonographic measurement 
of prostatic volume have been established. In pla- 
nimetric volumetry, the volume is calculated from 
the sum of cross-sectional areas of the prostate, 
and is considered the most accurate method of 
measuring the volume of the prostate [6,7]. How- 
ever, this method is considered time-consuming 
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and tedious. Alternatively, using a formula de- 
scribing the prostate as a spheroid structure, and 
using half the mean of width, height, and length 
as radius, one can calculate prostatic volume 
with reasonable accuracy. 

Over the past decade, conventional gray-scale 
TRUS has revolutionized the early detection and 
management of prostatic disease, in particular 
prostate cancer. TRUS was found to be invalu- 
able for accurately mapping and systematically 
taking biopsies of the prostate gland. However, as 
a screening tool for prostate cancer its sensitivity 
and specificity are low when compared with those 
for other diagnostic tools such as the serum 
prostate-specific antigen (PSA), percent free 
PSA, and digital rectal examination (DRE). 
TRUS is highly operator dependent, and data 
on the accuracy of ultrasound for staging has been 
inconsistent. Salo and colleagues [8] in 1987 re- 
ported a sensitivity of 86%, specificity of 94%, 
positive predictive value of 92%, and negative 
predictive value of 89% for predicting extracapsu- 
lar invasion. Shortly thereafter, additional reports 
showed less favorable results of TRUS being able 
to accurately predict extracapsular invasion, with 
sensitivity between 23% and 66%, specificity be- 
tween 46% and 86%, positive predictive value be- 
tween 50% and 62%, and negative predictive 
value between 49% and 69% [9-12]. Augustin 
and coworkers [13] have recently reported that 
TRUS-visible lesions are found in more than 
50% of patients with nonpalpable prostatic le- 
sions, and that these tumors demonstrate signifi- 
cantly worse pathological stages and larger 
volumes than lesions that are also not visible by 
TRUS (P = .002). It has been well documented, 
that the majority of tumors have a hypoechoic 
echogenic pattern, although isoechoic or hypere- 
choic lesions may contain cancerous tissues as 
well [14]. A significant correlation between Glea- 
son score and echogenicity has been found, with 
the majority of hypoechoic tumors being moder- 
ately or poorly differentiated and isoechoic lesions 
well or moderately differentiated [14]. These find- 
ings imply that tumors detected by ultrasound in 
many cases can be clinically important, and 
should not be interpreted as latent or incidental 
carcinomas. Since other abnormalities of the pros- 
tate can also produce hypoechoic changes, it may 
be difficult to differentiate prostatitis, infarction, 
and atrophy from prostate carcinoma. Nonethe- 
less, because of the tendency of prostate cancer 
to develop in the peripheral zone, a hypoechoic le- 
sion in the prostatic capsule is more suspicious 


than a similar lesion in the transitional zone, 
which is most commonly BPH. Additionally, 
any region that is abnormal during digital rectal 
examination should be carefully investigated. In 
many cases, ultrasound can underestimate the ac- 
tual size of a tumor [15], with an average underes- 
timate of 4.8 mm in diameter compared with 
histopathologic whole-mount sections [14]. Based 
on these findings, TRUS cannot stand alone as 
a useful tool for predicting cancer volume or for 
making treatment decisions. However, for fol- 
low-up purposes, TRUS can adequately demon- 
strate volume decrease and size reduction of 
hypoechoic lesions after initiation of androgen 
deprivation therapy [16,17]. 


Newer modalities 
Color and power Doppler 


To improve the ability of sonography to detect 
and correctly characterize lesions, a wide array of 
new technologies has been assessed over the past 
few years. Color Doppler has been employed with 
a rationale to identify blood vessels within the 
tumor. Standard color Doppler and power Dopp- 
ler allow investigation of normal and abnormal 
blood flow in the prostate. Blood vessels within 
tumors tend to demonstrate low impedance or 
resistance to flow. This phenomenon has been 
shown previously by color and pulsed Doppler in 
cancers of the breast, liver, kidney, and ovary. In 
prostate cancer, increased flow has been identified 
in this abnormal tumor vasculature. Several 
studies have investigated whether color Doppler 
can improve the sensitivity and specificity of 
conventional gray-scale TRUS in detecting early 
stages of prostate cancer. Early studies using color 
Doppler characterized the normal vascular anat- 
omy of the prostate [18,19]. Subsequently, the 
clinical utility of color Doppler in the assessment 
of altered patterns of blood flow as seen in pros- 
tatic disease has been evaluated by several investi- 
gators. Some studies showed that color Doppler 
did not add significant information to gray-scale 
TRUS in detecting early stages of prostate cancer 
[20,21]. Others demonstrated varying degrees of 
benefit [22,23]. Overall, the sensitivity of color 
Doppler for the diagnosis of prostate cancer 
ranged between 49% and 87%, and specificity 
ranged between 38% and 93% [20—22,24,25]. 
Color Doppler has an excellent positive predictive 
value for tumor detection, compared with gray- 
scale TRUS or MR imaging, although it provides 
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a lower sensitivity rate [26]. Nonetheless, a substan- 
tial number of cancers are not detected even by 
means of high-frequency Doppler ultrasound [26]. 

Power Doppler is considered the next genera- 
tion of color Doppler imaging. Depending on the 
amplitude of the signal, the image is displayed 
with varying hue and brightness. The total energy 
of the Doppler signal is displayed by color [27]. 
Power Doppler relies on the amplitude of the sig- 
nal to determine the density of the red blood cells, 
regardless of their direction or velocity of flow. 
This is contrary to conventional color Doppler, 
which uses a method of calculating the mean fre- 
quency shift of the signal to verify the velocity and 
direction of flow of red blood cells. Power Dopp- 
ler has the advantage of increased sensitivity for 
detecting small, low-flow blood vessels [28]. This 
increased sensitivity of the power Doppler allows 
for more accurate visualization of blood flow 
within the prostate, and adds to the value of 
power Doppler TRUS as a diagnostic tool. Since 
power and color Dopplers are currently available 
on transrectal probes, the diagnosis of BPH can 
be improved by the assessment of intraprostatic 
vascularity [29-31]. Power Doppler imaging is 
considered to be 3 to 5 times more sensitive for 
the assessment of blood flow than color Doppler 
imaging [31]. It is superior because of a lack of 
aliasing, little angle dependence, and low noise 
background. 

Both benign and malignant disease may distort 
the normal blood flow patterns in the prostate. 
Therefore, it is important to understand the 
vascular anatomy of the normal prostate as 
presented via power Doppler imaging. Leventis 
and colleagues [32] studied the blood flow patterns 
within the various zones of the prostate and corre- 
lated these findings with the zonal anatomy of the 
prostate as depicted by gray-scale TRUS. They 
managed to visualize separate branches of the 
capsular vessels that distributed radially into the 
peripheral and central zones, and then come to- 
gether toward the center of the gland. Urethral 
vessels were observed in the transition zone cours- 
ing from the bladder neck to the verumontanum 
(Fig. 1). The neurovascular bundles were seen to 
lie posterolaterally along the longitudinal axis of 
the gland. The resistive index (RI) of the blood 
vessels in the urethra and the capsular vessels 
was fairly similar. However, the RI of the neuro- 
vascular bundles and that of the prostatic vessels 
were significantly different (P < .001). Leventis 
and colleagues also demonstrated that the vascu- 
lar anatomy of the normal prostate can be 


Fig. 1. Power Doppler imaging of the prostate: mid- 
prostate level, in axial scanning. (A) The capsular vessels 
are visualized entering and distributed in the boundaries 
of the peripheral zone, as urethral vessels are visualized 
en route along the urethra. (B) This topographic image 
displays the symmetric distribution of the capsular ves- 
sels within the peripheral zone. There is a hypovascular 
appearance of the anterior fibromuscular stroma and of 
the posterior mid-segment of the gland. 


displayed by power Doppler, which is superior 
to color Doppler. This led to the systematic as- 
sessment of the vascular anatomy of BPH and 
prostate cancer. 

Power Doppler ultrasonography of the pros- 
tate has clearly demonstrated that the RI increases 
significantly in BPH [29-31]. Tsuru and coworkers 
[33] measured the RI before and after transure- 
thral vaporization of the prostate in a group of 
BPH patients to investigate the changes of RI af- 
ter surgery and its correlation to improvement of 
lower urinary tract symptoms (LUTS). They as- 
sessed 43 patients, in a series of tests before and 
1, 3, and 6 months after surgery, with a mean fol- 
low-up of 9.1 months. All evaluated parameters, 
including the International Prostate Symptom 
Scores (IPSS), quality of life scores, post-voiding 
residual urine volumes (PVR), and maximum 
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urinary flow rates (Qmax) that were evaluated, 
were correlated with changes in total prostatic 
volume (TPV) and RI as measured by power 
Doppler. The investigators have found that all 
of these parameters significantly improved and 
that they all correlated with the reduced RI after 
surgery. Interestingly, the change in RI was ob- 
served last, after all the other parameters had im- 
proved. The authors suggested that RI can serve 
to measure the severity of BPH and the degree 
of pressure within the prostate. 

It is widely accepted that tumors enhance 
neovascularization. This has been demonstrated 
in a variety of cancers, including prostate cancer 
[34-37]. In the prostate, it has been shown that in- 
creased vascularity can be found in hypoechoic 
gray-scale lesions, and that this is correlated 
with an increased likelihood of prostate cancer 
[21,22,38]. These measurements were largely based 
on an attempt to quantify the overall number of 
blood vessels in the prostate and not on vascular 
density, which measures the number of vessels 
per unit area of the tissue. However, current path- 
ologic literature that links angiogenesis to cancer 
uses the measurement of vascular density as an es- 
timate of vascular activity [36,39,40]. 

Early studies using Doppler sonography and 
power Doppler techniques demonstrated that 
hypervascularity correlates with increased Glea- 
son score. Cornud and colleagues [41] prospec- 
tively evaluated 94 patients with color Doppler 
before undergoing radical prostatectomy. They 
found that the evaluation of hypoechoic lesions 
at the time of biopsy with these two modalities 
is useful in predicting increased Gleason score 
and the aggressiveness of the tumor. However, 
later studies trying to confirm the added value of 
color and power Doppler were disappointing. 

Early studies of Doppler ultrasound of the 
prostate involved the use of Doppler frequencies 
in the range of 5-7.5 MHz. However, later studies 
demonstrated superior Doppler detection of 
blood flow within the prostate with a probe 
incorporating a frequency of 9 MHz [42]. Halpern 
and colleagues [26] compared the detection of can- 
cer with targeted biopsies performed on the basis 
of the results of color and power Doppler exami- 
nation at 9 MHz using a systematic sextant biopsy 
approach. They evaluated 62 patients with trans- 
rectal gray-scale, color, and power Doppler ultra- 
sound. After obtaining up to four targeted 
biopsies based on Doppler findings from each pa- 
tient, they performed a modified sextant biopsy. 
The yields of each method were compared. 


Eighteen (29%) of the 62 patients had cancer. In 
11 patients, cancer was detected with both sextant 
and targeted biopsies; in 6 patients it was detected 
with only sextant biopsies, and in 1 it was detected 
only with targeted biopsies. The positive biopsy 
rate for targeted biopsies was 13% (24 of 185 
cores). This was insignificantly higher than the 
9.7% for sextant biopsies (36 of 372 cores; P = .1). 
Interestingly, the overall identification of positive 
sextant biopsy sites was close to random chance 
for all imaging modalities (gray-scale area under 
the curve, 0.53; color Doppler, 0.50 and power 
Doppler, 0.47). The authors concluded that high- 
frequency color or power Doppler is not reliable 
for detecting cancerous lesions in the prostate 
gland, and that these methods would probably 
miss a significant number of cancers that would be 
detected with sextant biopsy. These disappointing 
results were verified by other groups as well [43]. 

Arger and colleagues [44], in an attempt to im- 
prove the clinical efficacy of these new technolo- 
gies, compared two methods that quantitatively 
assess the vascularity of the prostate using Dopp- 
ler imaging. Total vascularity counts the overall 
number of blood vessels over a predetermined im- 
aged area. Vascular density measures the fraction 
of the mean area occupied by blood vessels in 
multiple cross-sections of the prostate. The au- 
thors wanted to study the differences between 
these two measurements of vascularity in the pros- 
tate, and whether they could correlate them to 
pathologic diagnosis. They also evaluated the re- 
lationship between hypoechoic areas, hypervascu- 
larity, and pathologic diagnosis. When 90 patients 
underwent biopsy, patients eventually diagnosed 
with BPH, PIN, and prostate cancer did not dem- 
onstrate a substantial difference in vascularity by 
either total vascularity or vascular density. Inter- 
estingly, only in BPH was the total vascular vol- 
ume in the central gland significantly higher 
than in the peripheral parts of the gland. How- 
ever, the vascular density in the peripheral gland 
was 2.5 times higher than in the central gland. 
Of 31 focal hypoechoic lesions, 71% were hyper- 
vascular, but only 23% were diagnosed with tu- 
mor. The authors concluded that although 
quantitative analysis based on vascular density, 
which is more comparable with histopathologic 
findings, demonstrated that the peripheral gland 
is more vascular than the central gland, the overall 
pathologic categories were not separable by the 
tested vascular measurements. All pathologic 
categories expressed low, moderate, or high 
vascularity, and, therefore, vascular areas by 
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definition cannot distinguish between benign or 
malignant tissue or add to the diagnostic value 
of focal hypoechoic areas in the prostate. These 
recent findings supported previous reports that 
hypervascularity is not an independent factor in 
distinguishing between various pathologic entities, 
and therefore cannot serve as a tool to decrease 
the number of prostate biopsies (Fig. 2). 


Three-dimensional ultrasound of the prostate 


Three-dimensional (3D) ultrasound was de- 
veloped as a noninvasive method to generate 
whole volume images of solid structures. Early 
studies on prostate imaging identified several 
advantages of this method over 2D imaging [45]. 
This is because conventional TRUS uses two di- 
mensions to visualize a 3D disease process. Cur- 
rently, 3D TRUS systems are available for 
prostate imaging. These machines process a series 
of sequentially overlaid images, resulting in a sin- 
gle image of higher resolution and quality (Fig. 3). 
However, the image acquired using a standard 
gray-scale 3D endorectal transducer is similar to 
the conventional 2D TRUS. Therefore, no advan- 
tage could be found in the diagnosis of prostate 
cancer. This is because up to 80% of hypoechoic 
lesions diagnosed by TRUS are not cancerous 
[46], and 50% of nonpalpable tumors larger 
than 1 cm are not visualized by ultrasound [47]. 

Hamper and colleagues [48] evaluated gray- 
scale 3D TRUS in 16 men before prostate biopsy. 
3D coronally reconstructed images were superior 
to 2D TRUS in identifying tumors and extra-glan- 
dular disease. Garg and colleagues [49] performed 
3D TRUS using a conventional gray-scale scanner 
in 36 newly diagnosed clinically localized prostate 


# 
coronal 


tumour 


Fig. 3. 3D power color Doppler sonography demon- 
strating a malignant lesion in the right peripheral zone. 
(A) Conventional 2D gray-scale image. (B) Three- 
dimensional image. 


cancer patients. The 3D imaging demonstrated 
a 94% overall staging accuracy, 80% sensitivity, 
and 96% specificity. Staging accuracy compared 
with that with 2D TRUS was significantly im- 
proved (94% versus 72%, P < .05). Strasser 


Fig. 2. (A) Gray-scale trans-rectal ultrasound demonstrating a hypoechoic lesion that was diagnosed as Gleason Grade 
4 cancer of the prostate. (B) The same lesion as seen in power Doppler. 
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and colleagues [50] investigated 107 men before 
radical prostatectomy. Three-dimensional TRUS 
demonstrated 87% sensitivity, 94% specificity, 
and a 97% Positive Predictive Value (PPV) for 
extracapsular extension. Of 16 men with histo- 
logically confirmed seminal vesicle invasion, 14 
were detected by the 3D TRUS, with a sensitivity, 
specificity, and PPV of 88%, 98%, and 98%, 
respectively. 

An interesting study conducted by Sedelaar 
and colleagues [51] compared 3D gray-scale 
TRUS findings in 50 patients diagnosed with pros- 
tate cancer with findings in 50 patients diagnosed 
with BPH. The patients were analyzed by two 
blinded, independent radiologists. The 3D TRUS 
demonstrated a significantly greater sensitivity 
(88% versus 72%) than 2D TRUS, but decreased 
specificity (42% versus 54%) in identifying lesions 
suspicious for cancer in the two groups. However, 
since the improvement in cancer detection and 
staging is exclusively dependent on visualization 
of the lesion, isoechoic lesions were almost unani- 
mously missed. The authors concluded that de- 
spite the increased sensitivity, 3D TRUS did not 
add to the detection and staging of prostate can- 
cer, as compared with 2D TRUS. 


Contrast-enhanced ultrasound of the prostate 


Contrast-enhanced power Doppler angiogra- 
phy is another ultrasound-based technology for 
imaging of the prostate that is employed after 
intravenous administration of microbubbles. The 
microbubbles circulate throughout the body in 
the blood stream and enhance color Doppler 
contrast. 

The majority of ultrasound contrast agents 
consist of gas-encapsulated microbubbles, with 
a diameter less than 10 um. This allows the pene- 
tration of the microbubbles into the microvascu- 
lar system. The half-life of these microbubbles is 
no longer than several minutes. At low energies 
the bubbles oscillate linearly, resulting in symmet- 
rical compression and expansion phases. At in- 
termediate energy levels the expansion and 
compression phases are not symmetrical. This al- 
lows the separation of reflected signals of tissue 
from the bubbles. At higher intensities the micro- 
bubbles will be disrupted. A high-intensity signal 
can be recorded and will result in enhanced Dopp- 
ler imaging [52-55]. Twenty seconds after IV in- 
jection, an enhancement of the vascular system 
of the prostate can be detected. Halpern and col- 
leagues [56] demonstrated significantly improved 


sensitivity for detecting prostate cancer from 
38% to 65%, with preserved specificity at approx- 
imately 80%. In another study of 18 patients 
undergoing prostate biopsies, Bogers and co- 
workers [57] found a significant increase in sensi- 
tivity from 35% to 85% with preserved 
specificity. Frauscher and colleagues [58] reported 
in a prospective study of 230 male volunteers that 
targeted biopsies based on contrast-enhanced 
color Doppler detected a number of tumors equal 
to that of systematic biopsies, with less than half 
the number of biopsies. 

Goossen and coworkers [59] demonstrated that 
time to peak enhancement in the prostate was the 
most predictive parameter for the localization of 
a malignancy-containing area in the prostate. 
This allowed for a 78% correct diagnosis. 

In a recent study by Halpren and colleagues 
[60], the authors reported on the detection and dif- 
ferentiation between BPH and prostate cancer 
with contrast-enhanced ultrasonography in 301 
men referred for prostate biopsy. They underwent 
contrast-enhanced sonography using continuous 
harmonic imaging (CHI) and intermittent har- 
monic imaging (IHI), in addition to continuous 
color and power Doppler. Harmonic imaging 
involves detecting the secondary (or harmonic) 
frequencies reflected from objects struck by 
diagnostic ultrasound of the primary frequency 
emitted by the ultrasound probe. Targeted biopsy 
cores were obtained initially from sites with great- 
est enhancement. Thereafter, systematic sextant 
core biopsies were obtained. Malignancy was de- 
tected in 363 biopsies from 104 of 301 subjects 
(35%). Cancer was diagnosed in 15.5% (175 of 
1133) of targeted cores and 10.4% (188 of 1806) 
of sextant cores (P < .01). In the subset of pa- 
tients diagnosed with prostate cancer, targeted 
cores were twice as likely to be positive (odds ratio 
[OR] = 2.0, P < .001). Additionally, a statistically 
significant advantage was found for IHI over 
baseline imaging (P < .05). The authors con- 
cluded that the detection rate of malignancy in 
contrast-enhanced targeted cores is significantly 
higher than in sextant cores. Despite these prom- 
ising results, contrast-enhanced Doppler ultra- 
sound has not yet gained popularity because of 
its high costs and low specificity rate [61]. 


Therapeutic applications of ultrasound 
of the prostate 


Focused ultrasound can be used in a variety of 
therapeutic applications. It has been established 
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for many years that high-intensity focused ultra- 
sound (HIFU) delivers high energy, causing rapid 
coagulation necrosis of tissue within the target 
area with minimal damage to the surrounding 
tissue. The first clinical attempts to use ultrasound 
for treatment were made almost half a century ago 
with the ablation of brain tissue. However, only in 
recent years, with the development of high- 
powered ultrasound arrays and noninvasive moni- 
toring methods, have clinical applications become 
more widespread. 

In the past decade, HIFU has been adapted 
and used to treat small renal tumors, testicular 
tumors, and localized prostate cancer [62]. How- 
ever, the largest currently available clinical experi- 
ence with HIFU therapy is for BPH and prostate 
cancer using transrectal HIFU devices. HIFU cur- 
rently is available commercially for these indica- 
tions, mainly in Europe. Early short-term results 
demonstrated that prostate HIFU is effective in 
achieving local control for low- and intermedi- 
ate-risk localized prostate cancer [63]. 

Blana and colleagues [64] recently reported their 
5-year results with transrectal HIFU in the treat- 
ment of localized prostate cancer in 146 patients 
with Stage T1-T2NOM60 prostate cancer. Prostate- 
specific antigen (PSA) levels of 15 ng/mL or less 
and a Gleason score of 7 or less were considered 
the inclusion criteria. Mean follow-up was 22.5 
months (range 4 to 62 months) and included PSA 
measurement and control sextant biopsies. The 
median PSA nadir 3 months after HIFU treatment 
was 0.07 ng/mL (range 0 to 5.67 ng/mL). Ata mean 
follow-up of 22 months, the median PSA level was 
0.15 ng/mL (range 0 to 12.11 ng/mL); 87% of 
patients had a constant PSA level of less than 
1 ng/mL; 93.4% of patients had negative follow- 
up biopsies. Although 12% of patients underwent 
TURP after HIFU due to obstruction, no severe 
stress incontinence (grade 2 to 3) was documented. 
Erectile function was preserved in 47.3% of pa- 
tients, and the International Prostate Symptom 
Score and quality of life index before and after 
treatment were comparable. The authors con- 
cluded that HIFU is efficacious and has low levels 
of associated morbidity. It does not exclude other 
treatment options and is repeatable when 
necessary. 

Long-term follow-up is required to validate the 
efficacy of prostate HIFU in terms of disease-free 
survival and overall mortality. Nonetheless, many 
consider HIFU a viable alternative treatment for 
patients that are poor candidates for radical 
prostatectomy. 
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Technologic advances are changing the way 
renal tumors are diagnosed and treated. Wide- 
spread use of CT for evaluating abdominal 
symptoms has allowed renal tumors to be di- 
agnosed while at a small size, with many tumors 
now discovered incidentally before the onset of 
symptoms or metastatic disease [1]. The increased 
prevalence of smaller tumors led initially to the 
development and preference for open partial ne- 
phrectomy to preserve renal function. At the 
same time, advances in laparoscopy offered an en- 
tirely new treatment option with a marked reduc- 
tion in postoperative morbidity and more rapid 
convalescence. Currently, laparoscopic partial ne- 
phrectomy (LPN) is the preferred, yet technically 
demanding, nephron-sparing option. 

To further reduce the morbidity of these pro- 
cedures, ablative treatment for renal tumors has 
been developed. Cryoablation (CA) and radio- 
frequency ablation (RFA) are the two primary 
modalities in clinical use. Both procedures can be 
performed laparoscopically or percutaneously, 
and together these treatments offer numerous 
advantages over other alternatives. Not only are 
these procedures less technically demanding that 
LPN, but the morbidity, especially following the 
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percutaneous modalities, is further reduced even 
relative to LPN. 

Although these advantages have been an 
improvement in patient care, thermally based 
ablative technologies have presented new chal- 
lenges to the practicing urologist. With traditional 
extirpative renal procedures (radical or partial 
nephrectomy), excision is under direct visual 
guidance by the surgeon, and the margin of 
excision is confirmed by pathological examination 
of the specimen. During an ablative, especially 
percutaneous, procedure, the role of direct visual 
guidance is reduced greatly and reliance instead is 
placed on image guidance technologies, including 
ultrasonography, CT, or MRI. Additionally, by 
leaving the ablated tissue in place, pathologic 
verification of complete tumor ablation is not 
possible. Although biopsy has been used in an 
attempt to confirm ablation, this technique has not 
proven reliable given the inherent false-negative 
rate associated with random needle sampling. 

Given this situation, cross-sectional imaging 
must be used to answer a new question: has an 
ablation been successful and caused total cell 
death within the desired treatment zone? Al- 
though current follow-up recommendations for 
a T1 renal cell carcinoma resected by means of 
partial nephrectomy include only yearly chest 
radiograph and physical examination with no 
imaging of the kidneys [2], the new ablative treat- 
ments present a distinctly different situation. 
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Given that long-term follow-up is not yet avail- 
able, and pathologic verification of resection is 
not possible, follow-up assessment of the ablated 
tumor needs to be performed. Obviously, follow- 
ing ablative treatment, the determination of cellu- 
lar viability within a defined anatomic area is 
a new imaging challenge compared with the 
more traditional roles of anatomical differentia- 
tion or procedural guidance. Unfortunately, the 
ideal imaging modality to simultaneously provide 
anatomic information and cellular viability data 
does not exist. Because the success of these new 
ablation technologies relies not only on the tech- 
nology itself but also the advantages and limita- 
tions of the associated radiographic techniques 
to achieve success, it is critical for urologic sur- 
geons employing CA or RFA to understand 
how to use and interpret radiographic imaging. 
Thus this article describes both the intraoperative 
imaging needed for ablation targeting and guid- 
ance and the postablation radiographic follow- 
up that is critical to achieving a successful 
outcome. 


Intraoperative imaging—laparoscopic partial 
nephrectomy 


Before discussing the imaging requirements 
and issues associated with CA or RFA, it should 
be emphasized that imaging also plays a critical 
role in the intraoperative approach to laparo- 
scopic partial nephrectomy. Given the limited 
exposure and tactile sensation offered by a laparo- 
scopic approach, ultrasonography is used to 
better delineate normal parenchyma from renal 
tumor. Typically this is done using a laparoscopic 
ultrasound probe after removal of Gerota’s fascia 
and the peri-renal fat surrounding, but not over- 
lying, the tumor. Examination of the tumor from 
multiple angles provides the surgeon with a thor- 
ough understanding of tumor depth, size, and 
relationship to the collecting system and renal 
vasculature. Presence of satellite lesions may be 
identified also [3]. Recently, Nguyen and col- 
leagues developed a technique using ultrasound- 
guided needle localization of deep tumor margin 
to further differentiate the extent of a renal tumor 
[4]. In experienced hands, however, ultrasound 
guidance alone for LPN has been helpful in main- 
taining low margin rates (3% to 3.5%) and suc- 
cessful oncologic outcomes [5,6]. The main 
challenge for the operating surgeon is familiarity 
with ultrasonographic anatomy and image inter- 
pretation and manipulation of the laparoscopic 


ultrasound probe. With the assistance of a radiol- 
ogist and practice, however, informative surgical 
images are attainable. 


Intraoperative imaging—cryoablation 


Laparoscopic renal cryoablation requires the 
use of a flexible laparoscopic ultrasound trans- 
ducer. The use of this devise is very important for 
the accurate placement of the cryoprobes in the 
tumor and iceball monitoring. Laparoscopic ul- 
trasound requires surgeon familiarity with device 
manipulation and image interpretation. Early in 
the surgeon’s experience, intraoperative participa- 
tion of a radiologist is recommended. The cryo- 
probes (17 gauge IceRod, Oncura, Plymouth 
Meeting, PA) usually are placed in a triangular 
configuration under ultrasound guidance for tu- 
mors less than 3.5 cm in diameter. The ideal spac- 
ing interval is 1.5 cm between probe locations. 
Larger tumors may require more probes, but 
again the spacing requirement is 1.5 cm apart. 
During the initial freezing cycle, the progress of 
the iceball is monitored by ultrasound. The ice 
front is extended to 10 mm beyond the tumor bor- 
der. It is critical that the ultrasound probe is posi- 
tioned such that a clear image of the deep 
parenchymal margin of the tumor is visualized. 
This often requires mobilization of all or most 
of the kidney. The surgeon must be able to image 
the iceball from multiple perspectives to ensure 
complete tumor coverage, because only the ice 
front closest to the probe is visualized (Fig. 1). 
If the entire iceball is not visualized, the surgeon 
risks incomplete ablation. An active thaw cycle 
then is undertaken with ultrasound monitoring 
of the thaw. After this is complete, a second freeze 
cycle is initiated. If there are any critical structures 
such as the renal artery or vein, care should be 
taken to monitor the icefront with ultrasound. 
Upon completion of the second freeze cycle, a pas- 
sive thaw, which does not require ultrasound 
monitoring, is performed. 


Intraoperative imaging—radiofrequency ablation 
Laparoscopic approach 


During laparoscopic RFA, the primary mode 
of guidance is visual. For exophytic tumors, 
a multi-tine electrode (eg, Starburst XL, RITA 
Medical Systems, Fremont, CA) is preferred, be- 
cause the individual tines can be deployed fully 
and visually confirmed to protrude through the 
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Fig. 1. Transverse laparoscopic ultrasound on renal sur- 
face opposite kidney tumor shows curvilinear hypere- 
chogenic interface with posterior shadowing. Arrow 
denotes iceball margin enveloping entire tumor (not 
seen because of shadowing). (Reproduced from Remer 
EM, Hale JC, O’Malley CM, et al. Sonographic guid- 
ance of laparoscopic renal cryoablation. AJR Am J 
Roent 2000;174(6):1595—6; with permission.) 


capsule of a tumor. The tines then can be drawn in 
(shrink ablation zone) to the tumor edge under di- 
rect visual guidance. In this position, the surgeon 
can confidently ablate the tumor with a 5 mm 
margin. For more endophytic tumors, ultrasonog- 
raphy is helpful, as it provides information on tu- 
mor size and depth similar to LPN. In these cases, 
the tines of a multi-tined electrode are visualized 
on ultrasonography as they traverse the tumor, 
and tine location can be confirmed 0.5 to 1.0 cm 
beyond the renal tumor periphery. If a single 
probe design is employed, ultrasonography is 
used to identify the probe as it traverses the tumor 
to the deep margin. 

Ultrasonography is not effective in confirming 
the extent of ablation. In both animal models [7] 
and human renal tumors [8], RFA creates an 
area of heterogeneous echotexture with some hy- 
perechogenicity, yet this area does not correlate 
to the size of the final lesion. Improved correlation 
between ultrasonography results and final abla- 
tion size has been achieved in a porcine model us- 
ing contrast-enhanced three-dimensional 
ultrasound [9,10]. Johnson and colleagues were 
able to correlate contrast-enhanced ultrasound 
measurements of RFA lesions to within 0.3 cm 
of the final pathologic lesion size in 16 swine, 
but this technique has yet to be well-studied in 
people. Real-time imaging of the ablation, how- 
ever, is not necessary, because the deployed tine 
diameter defines the final ablation diameter. 


Percutaneous radiofrequency ablation 


Ultrasound, MRI, and CT have been used for 
guidance of percutaneously placed RF electrodes. 
Given the limited resolution of ultrasonography 
and the limited availability of procedure-capable 
MRIs, CT has been the most frequently used 
modality for this technique, although MRI guid- 
ance is feasible [11]. The three-dimensional view 
provided by CT can identify a percutaneous route 
to the tumor that will avoid surrounding struc- 
tures such as bowel, spleen, liver, or pleura. Fur- 
ther, imaging can be used to confirm individual 
tine placement (for a multi-tine electrode) to en- 
sure ablation 0.5 to 1.0 cm beyond the renal tu- 
mor periphery. Immediate postablation contrast- 
enhanced imaging also is able to confirm lack of 
enhancement within the ablation zone consistent 
with a successful ablation. Ultrasonography guid- 
ance is not recommended, as it clearly provides in- 
ferior tissue resolution, tine/probe placement, and 
three-dimensional imaging. In addition, ultraso- 
nography cannot be used to assess immediate 
post-treatment success. 


Imaging following cryoablation 


There are two mechanisms that cause tumor 
destruction during the freeze process: direct cell 
injury and vascular injury. These occur as the result 
of the temperature in the tumor reaching —20° 
to —40°C, which is the lethal temperature required 
for cell destruction. An important point to un- 
derstand is that the leading edge of the ice front is 
0°C, which will result in only sublethal cellular 
injury. It is therefore necessary to extend the ice 
front 5 to 10 mm beyond the tumor border to 
ensure that total cellular destruction occurs. The 
sublethal injury zone appears as a hypervascular 
ring surrounding the cryolesion in some patients 
on postcryoimaging studies [12]. This finding will 
be discussed in greater detail later. 

What follow-up modality best assesses total 
tumor destruction? Some investigators have used 
percutaneous biopsy after cryosurgery for assess- 
ing tumor destruction. Chen and colleagues 
reported on 35 patients who underwent laparo- 
scopic renal CA [13]. Twenty-one of the patients 
underwent CT-guided biopsies at 3 or 6 months 
after CA. All biopsies were negative for residual 
tumor and only demonstrated fibrosis and hemo- 
siderin deposits. Nadler and colleagues reported 
on 15 patients who had laparoscopic renal CA 
performed [14]. Seven of 10 patients who had 
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renal cell carcinoma underwent percutaneous bi- 
opsy 3 months after procedure, with two of the 
seven biopsies positive for residual tumor. Cestari 
and colleagues described their results in 35 pa- 
tients who underwent laparoscopic renal cryosur- 
gery [15]. CT-guided biopsies were performed in 
25 patients at 6 month follow-up, with all biopsies 
negative for neoplasm. From these studies, it ap- 
pears that most patients undergoing renal CA 
have no evidence of residual tumor on repeat 
biopsy. 

As noted earlier, however, studies have shown 
limited accuracy for renal tumor biopsy. One 
difficulty in reliance on post-CA biopsies for 
determination of tumor ablation is the reported 
19% false-negative rate for needle biopsies per- 
formed directly into surgically exposed renal 
tumors [16]. Needle aspiration is even less success- 
ful, as Campbell and colleagues found a 25% 
false-negative rate in 25 patients who underwent 
needle aspiration of a renal mass [17]. Addition- 
ally, Cestari and colleagues reported one patient 
who had a negative post-CA biopsy but subse- 
quently had a suspicious lesion on follow-up 
MRI and was found to have renal carcinoma 
[15]. Thus, if a biopsy is obtained and demon- 
strates no viable tumor present, radiographic fol- 
low-up remains necessary. 

There are four imaging modalities available to 
evaluate tumor responses to CA. These include 
ultrasonography CT, MRI, and positron emission 
tomography (PET) scans. PET technology is not 
sufficiently developed to allow accurate assess- 
ment of tumor destruction after CA or RFA, and 
it is not recommended for routine surveillance 
imaging. Ultrasonography is useful in document- 
ing changes in linear size but is limited in its 
ability to assess the presence of viable tumor. 
There has been a recent report on the use of 
contrast-enhanced harmonic ultrasound for 


tumor evaluation after CA. Zhu and colleagues 
described the ultrasound findings in three patients 
who underwent renal CA [18]. Using contrast- 
enhanced ultrasound, decreased enhancement was 
seen similar to that present on post-CA CT scans. 
One case of persistent enhancement was identified 
that was related to a local recurrence. Further eval- 
uation in a larger series of patients would be 
required to determine the feasibility and reproduc- 
ibility of this technique. Thus CT and MRI are 
the preferred modalities for post-CA surveillance. 
There has been no commonly accepted time 
interval to obtain postablation imaging studies. In 
early studies investigating CA, MR scans were 
obtained on postablation day 1 [19]. Typically, 
these scans only showed hemorrhage with perfu- 
sion defects and were limited by postprocedure 
hemorrhage. There is no reason to obtain 
a post-CA scan until a minimum of | month has 
lapsed to allow for resolution of any possible hem- 
orrhage (WB Shingleton, unpublished data). 
Some investigators obtain the first scan at 3 to 6 
months, and if this scan demonstrates no enhance- 
ment, biannual scans are obtained [13,14,19]. The 
authors’ recommendation is to obtain an imaging 
study at 1, 3, and 6 months. If the lesion is nonen- 
hancing and stable in size, biannual studies are 
obtained. In cases where the lesion has regressed 
completely, annual scans are satisfactory. 


Characteristics of ablation zone 


CT imaging provides the opportunity to assess 
for the presence of viable tumor post-CA. In order 
for this to be achieved, an unenhanced scan of the 
kidneys with thin 3 mm slices must be performed 
first. Intravenous contrast then is administered 
and subsequent scanning undertaken. The typical 
radiographic appearance of the cryolesion is that 
of nonenhancement. Fig. 2 illustrates a renal 


Fig. 2. (A) Exophytic enhancing right posterior lateral renal mass—precryoablation (arrow). (B) Nonenhancement of 


renal mass immediately after cryoablation (arrow). 


RENAL TUMORS 343 


tumor before and after CA on contrast-enhanced 
scans. It is an absolute requirement that no en- 
hancement occur in the cryolesion for the treat- 
ment to be considered successful. Any evidence 
of enhancement indicates there is residual tumor 
present that will require further treatment. In 
some circumstances, the cryolesion may have 
a larger diameter than the original tumor because 
of some hemorrhage secondary to probe insertion. 
Alternatively, the iceball may have been extended 
beyond the tumor border. This should not be 
a concern, but rather expected, as long as there 
is no enhancement present. Evidence of nonen- 
hancement (less than 10 to 12 Hounsfield units 
on CT) in the ablated tumor is the key definition 
of complete tumor destruction. Rodriquez and 
colleagues reported their results of laparoscopic 
renal cryosurgery in seven patients in whom con- 
trast-enhanced CT scans were performed at 3 to 6 
month intervals and demonstrated perfusion de- 
fects at the ablated area with some tumor shrink- 
age [20]. Lee and colleagues described their results 
in 20 patients after laparoscopic renal cryotherapy 
and at a mean follow-up of 14.2 months; no ab- 
lated masses demonstrated residual enhancement 
in CT or MRI scans [21]. It has been documented 
that patients with residual enhancement in the 
cryolesion who subsequently undergo biopsy will 
be found to have residual disease (WB Shingleton, 
unpublished data) [23]. 

Another factor to be evaluated on post-treat- 
ment CT images is the size of the lesion. The 
tumor should demonstrate a decrease in size as 
seen on cross-sectional imaging as early as 
3 months after treatment [22]. This most likely oc- 
curs as the result of a cellular response to CA in 
which an acute neutrophil reaction stimulates 
macrophage activity and absorption of lysed 
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cellular debris [23]. This leads to a decrease in 
size of the tumor along with fibrosis formation. 
Gill and colleagues in their initial series of patients 
reported that 20% of their patients had complete 
disappearance of the lesion [19]. Eleven of 15 tu- 
mors in Nadler’s series decreased in size during 
the 6- to 72-month follow-up period [14]. Thus, 
shrinkage in tumor size appears to occur over 
a 6- to 12-month time period after ablation. The 
key point is that if there is any increase in size dur- 
ing follow-up, the possibility of a tumor recur- 
rence should be considered, and a biopsy of the 
lesion recommended. The authors have treated 
one patient who had a lesion that was nonenhanc- 
ing but increasing in size and who was found to 
have tumor recurrence after CA. 

Fig. 3 illustrates the typical shrinkage of a tu- 
mor after CA with only a small amount of nonen- 
hancing scar seen at 1 year follow-up. In some 
cases, the tumor will be reabsorbed completely, 
and there will be no visualization seen on fol- 
low-up imaging. The case in Fig. 4 additionally il- 
lustrates a common occurrence seen post-CA, 
which is the presence of a small periablation hem- 
orrhage. These hemorrhages are seen typically in 
scans obtained early after the ablation procedure 
(1 day to 1 month). The hemorrhage can obscure 
clear visualization of the cryolesion, requiring rep- 
etition of the scan in 1 to 2 months to allow accu- 
rate assessment. 

MRI has been used for post-CA imaging by 
some investigators [13,14]. The use of MRI is 
mandated in some clinical settings, such as in pa- 
tients with compromised renal function or con- 
trast allergy for whom the use of contrast would 
be contraindicated. If a patient has decreased kid- 
ney function, obtaining an unenhanced CT scan is 
unsatisfactory for the evaluation of tumor 
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Fig. 3. (A) Right posterior lateral renal tumor precryoablation (arrows). (B) Fibrotic remnant of tumor postablation at 1 


year—no enhancement (arrows). 
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Fig. 4. (A) Precryoablation CT scan with left medial parenchymal tumor (arrows). (B) Intraparenchymal hemorrhage at 


1 month obscuring ablated tumor (arrows). 


ablation. Remer and colleagues first described the 
MR imaging characteristics of a cryolesion over 
time in 21 patients [12]. Tl, T2, and T1 gadoli- 
nium-enhanced images were obtained at day 1 af- 
ter CA, then 1, 3, 6, and 12 months after the 
procedure. In the 1- and 3-month scans, most of 
Tl images were isotense, and T2 images were 
mainly hypointense and without enhancement. 
Approximately 30% of lesions had a thin or thick 
rim of enhancement noted on the Tl-enhanced 
images (Fig. 5). The 6- and 12-month scans 
showed T1 images to be isotense, and T2 images 
mainly hypo- or isotense, with no enhancement 
in T1 gadolinium images. The peripheral rim en- 
hancement, which had been noted at 3 and 6 
months, had resolved by 12 months. Fig. 6 illus- 
trates a small inferior pole lesion before and after 
CA on MR images. As noted on the T1 enhanced 
postablation image, the lesion had regressed in 


Fig. 5. A peripheral rim enhancement after cryoablation 
sometimes seen on postablation MR scans (arrow heads). 


size almost completely. Remer noted that in 12 
patients with 12-month follow-up, the cryolesion 
size decreased from 74% to 100% [12]. Addition- 
ally, perinephric changes were visualized in the 
scans at 1 and 3 months, with increased signal in- 
tensity in T2 images consistent with fluid accumu- 
lation. Nadler and colleagues reported that 13 of 
15 their patients were imaged with MR post-CA 
[14]. All lesions were noted to be stable or decreas- 
ing in size with no enhancement. 


Local recurrences following cryoablation 


The appearance of residual or recurrent tumor 
on CT imaging is characterized by enhancement 
on postcontrast scans. Residual tumor can be 
noted typically on the first post-CA scan obtained 
at 1 or 3 months (Fig. 7). Local recurrences have 
been reported to occur up to 3 years after abla- 
tion; therefore, long-term follow-up is required. 
Typically, a recurrence is characterized by a new 
enhancing portion of the original ablated tumor 
adjacent to or surrounded by the nonenhancing 
ablated defect. Fig. 8 demonstrates a central re- 
currence 3 years after undergoing CA. Pathologic 
examination of this case demonstrated a 2.0 cm 
renal cell carcinoma surrounded by fibrotic scar 
tissue. 

On MRI, residual tumor after CA demon- 
strates a hyperintense signal on the T1 gadolinium 
scan (Fig. 9). Any evidence of enhancement in the 
region of the cryolesion, excluding a peripheral 
rim, should be considered viable tumor. Experi- 
ence has shown that MRI is a completely accept- 
able method of imaging the cryolesion. Difficulty, 
however, can occur when follow-up MRI scans 
are not preformed at the same facility using the 
same scanner. The software required for imaging 
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Fig. 6. (A) Precryoablation MR scan of exophytic left lower pole tumor (arrow)—T1 weighted image. (B) Four months 
postablation MR scan with almost complete regression of left medial lower pole tumor—T1 weighted image (arrow). 


varies according to the different capabilities of 
each MRI unit. Therefore, there is no standard 
scanning technique used for MRI imaging of the 
kidney [24]. If MRI is used as the primary modal- 
ity for monitoring of the post-CA lesion, it is im- 
portant that the same unit and scanning technique 
be employed. 


Imaging following radiofrequency ablation 


Similar to CA, imaging options following RFA 
include ultrasonography, MRI, PET, and CT. 
Ultrasonography, while often the cheapest and 
most readily available modality, does not provide 
the sensitivity required for follow-up of ablated 
renal tumors. PET, while a promising modality, 
has not been well-investigated following RFA. 
MRI has adequate sensitivity for diagnosis of 
recurrent lesions, but the added cost inherent to 
MRI is a concern given the frequency of follow- 
up. MRI is necessary, however, for patients 


Fig. 7. Residual enhancing renal tumor after cryoabla- 
tion (arrow). 


unable to easily receive iodinated contrast agents 
because of renal failure or contrast allergy. In this 
regard, MRI, especially with gadolinium enhance- 
ment, is far superior to nonenhanced CT, whose 
use should be discouraged following RFA. Con- 
trast-enhanced CT is the preferred imaging mo- 
dality following RFA [25-30]. 

The optimal imaging interval following RFA 
has not been determined. Gervais and colleagues 
found day of the procedure CT images to un- 
derestimate final lesion size in one patient before 
abandoning this regimen [8]. At 1 week following 
ablation, Rendon and colleagues noted that only 
one of three patients with viable tumor had evi- 
dence of contrast enhancement [31]. Whether 
this lack of sensitivity at 1 week following abla- 
tion was a result of the study timing, inadequate 
sensitivity of CT, or difficulty of histologic analy- 
sis to determine viability of tissue [32], is unclear. 
Because of these findings, however, most authors 


Fig. 8. Central recurrence of right medial tumor 3 years 
after cryoablation (arrows). Pathologic examination 
demonstrated a 2.0 cm renal cell carcinoma surrounded 
by fibrotic scar tissue. 
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Fig. 9. Seven month postcryoablation T1 weighted post- 
gadolinium image demonstrating peripheral enhance- 
ment of left lower pole tumor (arrow). 


have used a program with the first postprocedure 
imaging at 4 to 8 weeks after ablation, with sub- 
sequent tests performed at 3- to 6-month inter- 
vals. The authors’ regimen is a follow-up study 
6 weeks after ablation and then every 6 months. 
Using this surveillance schedule in their series of 
over 140 ablated renal tumors, the authors have 
encountered only one episode of metastasis. As 
evidence to the sensitivity of radiographic surveil- 
lance, however, this patient had been identified as 
having an incomplete ablation at his 6 week scan 
but was not retreated because of patient request. 
Regarding tapering of follow-up, renal CA and 
RFA are relatively new procedures, and it is not 
clear what the long-term protocol should be. 


To fully understand radiologic follow-up after 
RFA, three characteristics of post-RFA imaging 
are important to highlight. First, incomplete 
ablations do occur, yet when identified, the 
patient can be retreated with little additional 
morbidity. Thus, the first scan following RFA 
must be scrutinized to identify evidence of un- 
treated tumor. Second, as with CA, comparison of 
current to previous studies is a requirement, as 
recurrent lesions can be subtle and only identified 
because of their change with time. Thus, a thor- 
ough understanding of the normal radiological 
progression following RFA is required. Finally, as 
with CA, recurrences have occurred years after 
treatment, making continued surveillance pru- 
dent, and emphasizing the ability to recognize 
a recurrent tumor. 


Initial assessment following radiofrequency 
ablation 


Whether CT or MRI is used, the presence of 
contrast enhancement within the desired ablation 
zone suggests an incomplete ablation. On CT, 
contrast enhancement is defined as a greater than 
10 to 12 Hounsfield units increase in enhancement 
following contrast administration. Theoretically, 
the periphery of the ablation zone is the most 
likely region for this to occur, especially on the 
edge abutting renal parenchyma as the heat sink 
provided by the highly vascularized parenchyma 
increases the likelihood of sublethal temperatures. 


Fig. 10. Intraoperative radiofrequency ablation CT scans of a left-sided laterally located renal tumor. (A) Preablation 
image shows enhancing renal tumor (arrow). (B) Percutaneously placed multi-tine RF electrode is seen within the tumor. 
Additional images (not shown) confirm total coverage of lesion with tines extending beyond the tumor periphery. 
(C) Postablation image reveals lack of enhancement within the tumor suggesting a successful ablation (arrow). 


RENAL TUMORS 347 


—_ 


Fig. 11. Preoperative MRI before successful RFA of a right renal tumor. Tumor is isointense to renal parenchyma on 
T1-WI (A—arrow) and hypointense on T2-WI (B—arrow). It shows mild enhancement on postcontrast T1-WI (C— 
arrow). (From Svatek RS, Sims R, Anderson JK, et al. Magnetic resonance imaging characteristics of renal tumors fol- 
lowing radiofrequency ablation. Urology 2006;67(3):508-12; with permission.) 


With MRI, the detection of enhancement for CA 
and RFA can be more technique-dependent. Sva- 
tek and colleagues noted that occasionally tumor 
contrast enhancement of renal tumors on MRI 
may be almost visually imperceptible and only ev- 
ident by intensity measurement [33]. They sug- 
gested this is caused by washout of contrast 
material before image acquisition and suggested 
multiple rapid acquisitions immediately following 
gadolinium administration to reveal early enhance- 
ment and the following washout. Regardless, the 
presence of enhancement within the desired 


ablation zone, whether on CT or MRI, at initial 
assessment following ablation suggests incom- 
plete ablation and the need for additional treat- 
ment. Figs. 10 to 13 demonstrate the CT and 
MRI appearances before and following success- 
ful ablations of biopsy-proven renal tumors. 
Figs. 14 to 16 demonstrate incomplete ablations 
on initial treatment. Further treatment was re- 
quired for these patients. 

In addition to the lack of enhancement, 
a characteristic MRI pattern is seen following 
RFA. Svatek and colleagues examined post-RFA 
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Fig. 12. MRI scans of tumor from Figure 11, 6 weeks following successful ablation. Ablation zone (straight arrows) is 
characterized by high signal intensity on T1-WI (A), very low SI on T2-WI (B), and lack of enhancement on postcontrast 
T1-WI (C). Peritumoral halo characteristic of percutaneously ablated lesions is seen as a rim of low signal intensity on T1 
and T2 weighted images surrounding a zone of perinephric fat just external to the ablated area (curved arrow). (From 
Svatek RS, Sims R, Anderson JK, et al. Magnetic resonance imaging characteristics of renal tumors following radio- 
frequency ablation. Urology 2006;67(3):508-12; with permission.) 
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Fig. 13. CT scans of a left-sided renal tumor. (A) Preablation scan with white arrowhead highlighting enhancing tumor. 
(B) Scan 6 weeks after ablation. Note lack of enhancement at tumor (arrow). (C) Scan 30 months after ablation. Note the 
fat infiltration between the ablated tumor and kidney (white arrow) and the halo in the peri-tumor fat (white arrow head). 
(From Anderson JK, Matsumoto E, Cadeddu JA. Renal radio-frequency ablation: technique and results. Urol Oncol 


2005;23(5):355—60; with permission.) 


MRI images from 12 patients to better understand 
the lesion characteristics on this imaging modality 
[33]. On T1-weighted images (WJ), all successfully 
treated tumors had high signal intensity (SI), but 
in 70%, there was significant heterogeneity in SI. 
Alternatively, on T2-WI, all successfully ablated 
tumors had low SI, and there was slight heteroge- 
neity again in 70% of tumors. On MRI, these 
characteristics can provide additional information 
regarding extent of ablation. 

The final radiologic finding encountered imme- 
diately after percutaneous but not laparoscopically 
guided RFA is the peri-tumor halo. A peri-tumor 
halo (seen as a rim of low SI on T1-WI and T2-WI) 
can be found in 71% of patients evaluated with 
MRI [33] and is frequently seen on CT following 
RFA (Figs. 12, 13) [34]. This halo likely represents 
scarring and fibrosis of the fatty tissue and fascia in- 
cluded in the ablation zone and should not be con- 
fused with tumor growth or angiomyolipoma. It is 
unique to percutaneous treatment, because Gero- 
ta’s fat and fascia are cleared from the kidney be- 
fore laparoscopic-guided ablation. This halo is 
frequently visible immediately following ablation, 
and it becomes more pronounced with time. 


Changes in the ablated zone with time following 
radiofrequency ablation 


As noted earlier, CA causes cell lysis followed 
by an acute neutrophil response, increased mac- 
rophage activity, and subsequent resorption of the 
tissue leading to a decrease in lesion size [23,35]. 
In contrast, acutely following RFA protein dena- 
turation results in maintenance of cellular archi- 
tecture [36]. Chronically, a granulomatous 
process with foreign body giant cell reaction pre- 
dominates [37]. Because of this difference in post- 
ablation histopathology, significant reabsorption 
is not expected after RFA. Matsumoto and col- 
leagues reviewed CT scans of 64 renal tumors 
taken over a median of 13.7 months after RFA 
(percutaneous and laparoscopic) and found an in- 
significant change in lesion size (p = .68) [34]. Ger- 
vais and colleagues had similar findings on CT 
follow-up with only 3 of 23 RFA-treated tumors 
decreasing in size [28]. On MRI, Svatek and col- 
leagues encountered comparable results with 
mean lesion size decreasing from 2.65 to 2.4 cm 
at 12 months. Again, this change was not signifi- 
cant (p = .54) [33]. 
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Fig. 14. CT scans of a left-sided posterior renal tumor. (A) Preablation scan revealing enhancing tumor (arrow). (B) 
Percutaneously placed multi-tine radiofrequency (RF) electrode is seen within the tumor. Additional images (not shown) 
suggest total coverage of lesion with electrode tines. (C) Scan 6 weeks after ablation reveals enhancement at periphery of 
tumor (arrow). (D) Scan at 6 weeks following reablation of the lesion. Note that after the second ablation there is no 


contrast enhancement within the renal tumor (arrow). 


In addition to stability of ablation zone size, 
further evolutionary characteristics are expected 
from RFA lesions with time. Most importantly, 
any contrast enhancement appearing at a time 
distant from the ablation remains a sign of 
recurrence. This occurred in 1 of 64 (1.5%) 
tumors in Matsumoto’s series and 0 of 12 tumors 
in the Svatek series [33,34]. Next, the peri-tumor 
halo seen on MRI and CT surrounding percutane- 
ously treated RF lesions persists for most patients. 


Regarding SI on MRI, Svatek and colleagues 
found that the initially high SI with significant 
heterogeneity on T1-WI and low SI with slight 
heterogeneity on T2-WI remain constant on 
long-term follow-up. Finally, on CT, there was 
a characteristic progression in lesion shape and re- 
lation to normal renal parenchyma with time. For 
endophytic tumors, the initial nonenhancing, 
low-density, wedge-shaped defect retracts from 
the normally perfused renal parenchyma. In 


Fig. 15. Preoperative MRI of ultimately unsuccessful RFA. Tumor demonstrates heterogeneous, predominantly interme- 
diate SI on TI-WI (A—arrow) and on T2-WI (B—arrow). Postcontrast T1-WI (C) demonstrates mild heterogeneous 
enhancement (closed arrow). (From Svatek RS, Sims R, Anderson JK, et al. Magnetic resonance imaging characteristics 
of renal tumors following radiofrequency ablation. Urology 2006;67(3):508—12; with permission.) 
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Fig. 16. Same tumor in Figure 15, six weeks postablation MRI. Ablation zone (curved arrow) characterized by high SI 
on T1-WI (A), low SI on T2-WI (B), and lack of enhancement on postcontrast T1-WI (C). Ablation zone does not oc- 
cupy the region of tumor completely, suggesting incomplete ablation (straight arrow). (From Svatek RS, Sims R, Ander- 
son JK, et al. Magnetic resonance imaging characteristics of renal tumors following radiofrequency ablation. Urology 


2006;67(3):508-12; with permission.) 


Matsumoto’s CT series at 12 months four of eight 
(50%) endophytic tumors were separated from the 
normal renal tissue by a thin rim of fat (Fig. 13). 
Exophytic tumors displayed retraction from the 
renal parenchyma to a lesser extent. Gervais and 
colleagues made similar observations in their se- 
ries of 23 RFA ablations [28]. 


Local recurrences following radiofrequency 
ablation 


Local recurrence following RFA is infrequent. 
In most series, the definition of recurrence has 
been based on radiologic follow-up without path- 
ologic confirmation and occurs in 0% to 15% of 
cases [27—29,34,38,39]. As most of these diagnoses 
were made before metastatic spread, radiographic 
surveillance permits identification and retreatment 
strategies. For example, in the one case in the au- 
thors’ series, a patient underwent an uncompli- 
cated percutaneous ablation of a 3.3 cm 


posterior endophytic tumor. After initial follow- 
up at 6 weeks, the patient was lost to follow-up 
until 24 months later, when a spherical centrally 
located area of enhancement was encountered ad- 
jacent to the ablation zone (Fig. 17). Laparoscopic 
nephrectomy was performed, and pathology re- 
vealed a clear cell renal cell carcinoma 3.2 cm in 
diameter within the ablation zone. 

Because late local recurrences following RFA 
are uncommon, it is difficult to define the conclu- 
sive radiologic characteristics of a malignant re- 
currence. In the authors’ opinion, however, 
a spherical area of enhancement, similar to 
a primary renal cell carcinoma, is particularly 
worrisome. Irregular nodularity at the periphery 
of the ablation zone in the perinephric fat (distinct 
from the ablated tumor) appears to be part of the 
normal granulomatous evolution following RFA 
for a small percentage of patients (Fig. 18). Un- 
doubtedly, as imaging technology progresses and 


Fig. 17. CT scans of a right-sided renal tumor that had a subsequent late local recurrence following RFA. (A) Preabla- 
tion image showing enhancing tumor (black arrow). Patient was then lost to follow-up until 24 months after ablation. (B) 
Scan 24 months after ablation showing spherical area of enhancement at the central edge of the tumor (white arrow). On 


nephrectomy, this tumor contained renal cell carcinoma. 
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Fig. 18. Contrast enhanced CT scans of a posterior left- 
sided renal tumor that had subsequent nodular growth 
in the perinephric fat. (A) Preablation image. (B) Scan 
12 months after ablation. There is a slight thickening 
in the peri-tumor halo (arrow) but no enhancement. 
Nodular thickening with enhancement may occur in 
the perinephric tissue, which occurred in this case. Ne- 
phrectomy demonstrated this nodular thickening con- 
tained only fat necrosis and a foreign body giant cell 
reaction. There was no evidence of malignancy. 


experience with renal RFA grows, the diagnosis of 
a late malignant recurrence following RFA will be 
recognized with greater sensitivity and specificity. 


Summary 


As new minimally invasive treatment options 
for small renal tumors have been developed, the 
reliance upon imaging technologies intraopera- 
tively and postoperatively has expanded. CT, 
MRI, and ultrasonography are useful adjuvants 
for intra- and postoperative care, yet it is clear 
that further improvements can be made. 
Whether it is the addition of contrast-enhance- 
ment for ultrasonography, the refinement of CT, 
MRI, and PET techniques for the follow-up of 
ablated masses, or the development of an 
entirely new technology to diagnosis possible 
recurrences, improvements in imaging during 
and following minimally invasive renal surgery 
will provide greatly improved care. Equally 
important, the urologist of the 21st century 
must be facile at interpreting and manipulating 
these technologies to appropriately care for renal 
tumor patients. 
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Choosing the optimal treatment modality for 
patients who have renal calculi depends on 
appropriate imaging studies that define the stone 
burden and renal anatomy and that delineate the 
anatomic relations of the kidney to surrounding 
organs. Percutaneous nephrostolithotomy (PCNL) 
is the treatment of choice for patients who have 
large or complex renal calculi and for those in 
whom shock wave lithotripsy (SWL) or uretero- 
scopy (URS) have failed. It is also an option for 
patients who have concurrent stones and ureter- 
opelvic junction obstruction. 

Radiographic imaging is an integral part of the 
planning and performing of percutaneous renal 
surgery. Preoperative imaging allows a priori 
selection of optimal percutaneous renal access. 
Intraoperative imaging is necessary to carry out 
directed percutaneous renal puncture and to 
facilitate endoscopic inspection. Finally, postop- 
erative imaging ascertains the presence and loca- 
tion of residual calculi and determines the need 
for second-look flexible nephroscopy. 

Knowledge of the indications for and selection 
of appropriate imaging studies for preoperative 
planning, intraoperative treatment, and postoper- 
ative assessment is essential for safe and effica- 
cious percutaneous renal stone surgery. 


Preoperative imaging 


Pre-operative imaging studies define the renal 
or ureteral stone burden and delineate renal 
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anatomy and the relationship of the kidney to 
surrounding organs. Selecting the optimal pre- 
operative imaging study depends on the patient’s 
renal function, body habitus, and renal anatomy. 
Contrast studies may be unsafe in patients who 
have renal insufficiency, and consequently, de- 
tailed collecting of system anatomy may be un- 
attainable except at the time of surgery. In 
patients who have renal anomalies such as horse- 
shoe kidney, or with an unusual body habitus 
caused by severe scoliosis or meningomyelocele, 
the relationship of the kidney to surrounding 
organs that are potentially in the line of percuta- 
neous puncture may be atypical, and consequently 
cross-sectional imaging studies are needed to 
determine a safe line of access. 


Plain abdominal radiography 


Most calcium-containing stones are visible on 
plain abdominal radiograph (KUB) provided they 
are sufficiently large, not obscured by overlying 
stool or bowel gas, and not overlying the spine or 
bony pelvis. Brushite and calcium oxalate mono- 
hydrate stones are the most radio-opaque of 
calcium-containing stones, followed by calcium 
apatite and calcium oxalate dihydrate stones. 
Cystine and struvite stones are faintly opaque, 
and uric acid stones are radiolucent, although 
they may be faintly visible when mixed with 
calcium, or when they reach a large size. 

Although KUB has the advantage of being 
rapidly acquired, readily available, and relatively 
inexpensive, its use is limited by a fairly low 
sensitivity for the detection of renal calculi. In- 
deed, published sensitivity and specificity rates for 
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KUB in the detection of renal and ureteral calculi 
range from 58% to 62% and 67% to 69%, 
respectively [1-4]. Furthermore, the lack of ana- 
tomic detail with regard to the kidney and 
surrounding organs limits its usefulness in pre- 
operative planning for PCNL. KUB, however, is 
useful in determining if a stone is radio-opaque 
and can be identified on fluoroscopy at the time 
of percutaneous renal access. For nonopaque 
stones, opacification of the renal collecting system 
with retrograde injection of contrast, or use of 
ultrasound guidance, may be necessary to obtain 
percutaneous access. 


Intravenous urogram 


Historically, the intravenous urogram (IVU) 
was the study of choice for evaluating patients 
with suspected stones and for planning therapy 
[5,6]. IVU demonstrates detailed collecting system 
anatomy, particularly when appropriate oblique 
and anteroposterior views are obtained. In addi- 
tion, it shows the relation of the kidney and col- 
lecting system to the ribs, which determines the 
need for supracostal access. On the other hand, 
IVU typically is performed in the supine position, 
and the relation of the collecting system to the 
pleural space and ribs may change when the pa- 
tient is prone. Nevertheless, the IVU can assist 
in selecting the appropriate calyx for percutane- 
ous puncture based on the location of the stone, 
the infundibulopelvic angle, and the spatial anat- 
omy of the collecting system. In many cases, direct 
access into the stone-bearing calyx is optimal. In 
other cases, such as a complete staghorn calculus, 
or a partial staghorn calculus occupying the renal 
pelvis and multiple lower pole calyces, an upper 
pole posterior calyx may serve as the site of opti- 
mal access (Fig. 1). [VU is important in planning 
the percutaneous approach to stone-bearing caly- 
ceal diverticula, as it delineates the calyx with 
which the diverticulum is associated and shows 
the size and location of the diverticulum (Fig. 2). 

Because nonenhanced, helical CT is superior to 
TVU for detecting renal and ureteral calculi, IVU 
is no longer available at some institutions [7—11]. 
Nevertheless, the detailed depiction of collecting 
system anatomy with IVU remains an important 
adjunct in the evaluation of patients considered 
for PCNL. Whether CT urography with three- 
dimensional reconstruction will prove to be as 
good or superior to IVU and ultimately replace VU 
for the delineation of collecting system anatomy 
remains to be seen [12-14]. 


Fig. 1. Intravenous urogram demonstrates a staghorn 
calculus occupying most of the collecting system. The 
upper pole calyx (arrow) is the optimal site for percuta- 
neous puncture to access all the branches of this stone. 


CT 


With the introduction of unenhanced helical 
CT, detection of renal and ureteral calculi has 
been enhanced greatly [7,9,15]. Indeed, CT has 
been shown to be superior to IVU for evaluating 
patients with acute flank pain [8,16-18]. In this 
clinical setting, the reported sensitivity and speci- 
ficity of helical CT for ureteral calculi ranges 
from 94% to 100% and from 94% to 97%, re- 
spectively [9,10,16,18]. 

The benefits of CT imaging before PCNL, 
however, surpass just the accurate detection of 
renal calculi. CT delineates the extent, orientation, 
and location of renal calculi, which can facilitate 
the selection of an appropriate calyx for percuta- 
neous access [12,14,19]. Furthermore, CT pro- 
vides detailed information on the relational 
anatomy of the kidney that may impact selection 
of an appropriate calyx for safe puncture [20,21]. 
Knowledge of the relationship of the collecting 
system to adjacent organs such as colon, liver, 
or spleen helps avoid percutaneous puncture 
through these organs into the calyx of interest 
[22,23]. In addition, the proximity of the calyx 
to the pleural space generally can be ascertained 
by CT. Hopper and colleagues estimated the like- 
lihood of lung injury from supracostal access by 
performing CT scans with sagittal reconstructions 
at maximal inspiration and expiration, and found 
that at end expiration, the likelihood of trans- 
gressing the pleura with a supracostal access was 
29% on the right and 14% on the left [24]. 
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Fig. 2. (A) Noncontrast CT demonstrates a left renal calculus (arrow). (B) Scout film from intravenous urogram dem- 
onstrates that the left renal stone seen on CT is composed of multiple small stones (arrow). (C) Ten-minute film from 
intravenous urogram shows that the stones are located within a calyceal diverticulum (arrow). Noncontrast CT alone 
was not sufficient to reveal the caliceal diverticulum. (D) Oblique film shows that the stone-bearing diverticulum (arrow) 


projects posteriorly from the upper pole calyx. 


Clinically, hydropneumothorax occurs in up to 
12% of cases in which a supracostal access is 
used [25-32]. 

Some investigators, however, have questioned 
the applicability of CT performed in the supine 
position to percutaneous access that typically is 
performed in the prone position. Indeed, adjacent 
vital structures such as the colon, lung, and liver 
may move into the line of the puncture with 
a change in position. Sengupta and colleagues 
evaluated 14 patients undergoing supine CT, 
immediately followed by prone CT, and noted 
that the angle of the renal hilum relative to the 
vertebral column increased from 57° in the sup- 
ine position to 62° in the prone position [33]. 
Although this difference was statistically signifi- 
cant, the authors observed that the relative orienta- 
tion of the anterior and posterior calyces remained 
unchanged, and consequently they concluded that 
routine CT scanning in the supine position is suf- 
ficient for preoperative PCNL planning. 


Ng and colleagues performed noncontrast, 
prone helical CT during inspiration and expira- 
tion, with three-dimensional reconstruction in six 
patients scheduled for PCNL [34]. In five of six 
patients, extrapleural percutaneous access at a fa- 
vorable angle (perpendicular or directed caudally) 
was deemed possible, and both inspiratory and ex- 
piratory phase images were necessary to deter- 
mine the optimal access site. In one patient with 
a stone-bearing calyceal diverticulum, a safe ac- 
cess site could not be identified, and the patient 
was treated laparoscopically. Simulated intercos- 
tal access during the inspiratory phase appeared 
to be transpleural in all six cases, suggesting that 
expiratory phase access may be safer. Although 
most investigators recommend obtaining percuta- 
neous access while the patient is in expiration, the 
incidence of pleural transgression with this ma- 
neuver is variable. Kekre and colleagues reported 
a nearly 10% incidence of pleural complications 
among 102 patients undergoing PCNL by means 
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of a supracostal puncture during full expiration 
[28]. Stening and Bourne, however, reported no 
cases of pleural transgression in 21 patients who 
underwent supracostal access in full inspiration 
[27]. The difference in outcomes in these series 
may be accounted for by differences in the lateral- 
ity of the access; medial access was performed 
purposefully by Kekre and colleagues [28], while 
access corresponding to the lateral half of the 
rib was performed by Stening and Bourne [27]. 
Maheshwari and colleagues noted their experience 
in 150 patients undergoing PCNL at full expira- 
tion with no pleural complications, and concurred 
with Stening and Bourne on the importance of 
a lateral approach to supracostal puncture [35]. 
Enhanced computing power and sophisticated 
three-dimensional CT software have led to the 
capability of creating detailed three-dimensional 
CT urography images depicting the renal paren- 
chyma and pyelocaliceal system (Fig. 3) [13,14]. 
With the use of three-dimensional CT imaging, 
the collecting system and its relational anatomy 
to adjacent structures can be viewed readily, and 
an optimal and safe access site selected. Initially, 
three-dimensional CT was used to produce sur- 
face-rendered models, but the time required for 
data acquisition was prohibitive, and reconstruc- 
tion was unreliable [36]. Moreover, once contrast 
was administered, the stone was indistinguishable 


Fig. 3. CT urogram reconstructed with delayed con- 
trast-enhanced images. The three-dimensional relation- 
ship of the collecting system to the ribs, pleura, and 
colon can be delineated. 


from the collecting system. Later, three-dimen- 
sional CT reconstruction of staghorn calculi was 
used to facilitate selection of the percutaneous 
puncture site for PCNL (Fig. 4) [14,19,37]. Inves- 
tigators, however, differed in their perception of 
the value of these images over conventional IVU 
and CT for preoperative planning. 

Recently, Ghani and colleagues used a 16-slice 
CT scanner to obtain 2.5 mm-thick slices through 
the kidney in a patient who had a stone in 
a horseshoe kidney [21]. Using noncontrast and 
contrast-enhanced images, a 360°, rotating vol- 
ume-rendered movie of the collecting system was 
reconstructed in only 45 seconds. The authors 
noted that the three-dimensional images depicted 
pelvicaliceal anatomy clearly, and were consistent 
with the IVU. The authors played this three- 
dimensional movie on a personal computer in 
the operating room to assist in selecting a calyx 
for percutaneous access in this patient. 

In patients with an unusual body habitus, such 
as patients with spina bifida or severe scoliosis, 
percutaneous puncture using standard intraoper- 
ative fluoroscopy may be unsafe because of in- 
ability to identify the adjacent bowel, pleura, liver, 
or spleen that may be more likely to be violated in 
these patients (Fig. 5). As such, CT-guided percu- 
taneous access before planned PCNL may be ad- 
vantageous. Matlaga and colleagues reported that 
3% of patients in their series of 154 PCNLs per- 
formed at two institutions underwent CT-guided 
renal access because of retrorenal colon, severe 
vertebral deformity, or stones in a transplant 


Fig. 4. Three-dimensional reconstruction of a left com- 
plete staghorn calculus. The superior border of the stone 
(arrowhead) lies just at the level of the 12th rib, and up- 
per pole access likely would require a supracostal 
puncture. 
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Fig. 5. Plain abdominal radiograph shows a large renal 
pelvic stone and a lower pole stone in a patient with se- 
vere kyphoscoliosis. Percutaneous access to the lower 
pole calyces could be difficult, as the kidney is displaced 
toward the iliac bone. In this setting, the distance be- 
tween the 12th rib and the iliac bone can be very limited. 


kidney [38]. After successful CT-guided access by 
the interventional radiologist, PCNL was com- 
pleted safely by the urologist. Thus, in select cases, 
usually guided by findings on preoperative CT 
scan, CT-guided percutaneous access may be safer 
than traditional fluoroscopic-guided access. In 
these cases, the urologist should confer with the 
radiologist regarding selection of the appropriate 
calyx for percutaneous puncture. 


MRI 


MRI has assumed a very limited role in the 
diagnosis and management of renal calculi be- 
cause of unreliable identification of stones in the 
collecting system or ureter. Because it avoids 
ionizing radiation, MRI may be considered an 
alternative to ultrasound in the pregnant patient 
with suspected stones, but the greater availability, 
lower cost, and greater accuracy of ultrasound in 
the diagnosis of stones and obstruction make 
MRI a rarely used modality. The use of open 
configuration MRI to facilitate percutaneous 
nephrostomy placement has been described, but 
this application is considered investigatory, and 
its future potential is unclear [39]. At the current 
time, MRI is not considered a first-line imaging 
modality for preoperative planning for PCNL. 


In summary, preoperative imaging, primarily 
in the form of IVU or CT (either CT urogram or 
three-dimensional CT), is optimal to define the 
stone burden and to delineate the relational 
anatomy of the collecting system to surrounding 
organs and the pleural space. An appropriate 
calyx thus can be selected for safe percutaneous 
puncture that provides an optimal angle for access 
to the stone and entry into the collecting system. 


Intraoperative imaging 


Intraoperative imaging is necessary for obtain- 
ing percutaneous access, but it also facilitates 
endoscopic inspection of the collecting system. 
Percutaneous puncture can be guided by ultra- 
sound or fluoroscopy. Although ultrasound guid- 
ance is sufficient for percutaneous puncture into 
the collecting system, passage of a guidewire and 
dilation of the tract requires the use of 
fluoroscopy. 


Ultrasound 


Ultrasound guidance can be used to direct 
percutaneous puncture into the collecting system. 
Limitations of this modality include limited tar- 
geting ability in a nondistended collecting system, 
poor image quality in an obese patient, and 
limited ability to identify fine details of collecting 
system anatomy, such as a calyx with a stenotic 
infundibulum. Ultrasound, however, is the mo- 
dality of choice for percutaneous access in select 
patient populations, such as pregnant patients 
[39-42] or renal transplant patients [43,44], in 
whom fluoroscopy is contraindicated or ill-advised 
or when retrograde passage of a ureteral cathe- 
ter for opacification of the collecting system is 
precluded. Among transplant patients, ultra- 
sound guidance offers the advantage of identify- 
ing overlying bowel that must be avoided when 
puncturing the transplant kidney [44]. 

Although ultrasound is attractive because it 
minimizes exposure of the patient and surgeon to 
ionizing radiation, it is strongly operator-depen- 
dent. Furthermore, although large intrarenal 
stones and hydroureteronephrosis are readily 
evident, smaller stones and those in the ureter 
may be difficult to identify by ultrasound. In 
addition, ultrasound is unable to differentiate 
nephrocalcinosis from nephrolithiasis, mandating 
further imaging modalities. 
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Fluoroscopy 


Fluoroscopy is the most common imaging 
modality used to obtain percutaneous renal ac- 
cess, although the choice between fluoroscopy and 
ultrasound is dependent on surgeon preference 
and experience. Regardless of the imaging modal- 
ity used to gain access, intraoperative fluoroscopy 
is indispensable for the successful completion of 
PCNL. 

To facilitate fluoroscopic-guided percutaneous 
puncture, dilute contrast or air is instilled by 
means of a retrograde ureteral catheter or occlu- 
sion balloon catheter placed cystoscopically at the 
time of PCNL. Opacification of the collecting 
system delineates and distends the collecting 
system, further facilitating access. The instillation 
of air to create an air pyelogram has an advantage 
over instilling contrast in that air can identify the 
posterior calyces and avoids obscuring the stone 
(Fig. 6). The location of the stone-bearing calyces 
and their relation to the overlying ribs allows the 
surgeon to target the appropriate calyx, taking 
into account the risk of pleural violation. Upper 
pole percutaneous puncture provides optimal ac- 
cess to large or complex renal calculi, to stones 
isolated in the upper pole calyces, to lower pole 
partial staghorn calculi, and to large ureteropelvic 
junction stones [30]. Lower pole access is favored 
for a primarily lower pole stone burden or for re- 
nal pelvic stones. Midpole access generally is re- 
served for direct puncture onto isolated midpole 
stones, because access into these calyces may not 


Fig. 6. Air pyelogram obtained by retrograde instilla- 
tion of air through an externalized ureteral catheter. In 
the prone position, posterior calyces preferentially be- 
come air-filled. 


allow inspection of either the upper or lower 
pole calyces. 

After debulking the stone with rigid nephro- 
scopy, flexible nephroscopy is performed to in- 
spect the entire collecting system and to retrieve 
stones remote from the nephrostomy tract that are 
not accessible with the rigid nephroscope. Entry 
into each calyx is documented fluoroscopically by 
injecting dilute contrast through the nephroscope 
when each calyx is entered (Fig. 7). Likewise, the 
ureter must be endoscopically or radiographically 
cleared by direct endoscopic inspection or by in- 
jection of contrast through the nephroscope 
down the ureter. Correct nephrostomy tube place- 
ment also is ensured with intraoperative antegrade 
nephrostogram. 

The introduction of CT fluoroscopy, whereby 
live CT can be performed in the operating room, 
has the potential to allow percutaneous access to 
be performed under CT guidance with real-time 
visualization. CT fluoroscopy also has the poten- 
tial to allow more accurate detection of residual 
fragments intraoperatively, thereby precluding the 
need for second-look flexible nephroscopy. 
Although CT fluoroscopy has not reached wide- 
spread use, and there are no reports of intraoper- 
ative use for PCNL, application of this modality to 
percutaneous brachytherapy for rectal cancer [45] 
and radiofrequency ablation of pulmonary masses 
has been reported [46]. 

The last step of PCNL is fluoroscopic in- 
spection of the chest to assess for hydrothorax. 
Supracostal percutaneous puncture (above the 
12th rib) is associated with a 0% to 12% incidence 
of pleural complications [25-32]. The risk of hy- 
dropneumothorax with access above the 11th rib 
approaches 35% [30]. Intraoperative chest fluo- 
roscopy has the advantage of reliably identifying 
pleural fluid that can be drained intraoperatively, 
while the patient is anesthetized (Fig. 8). Because 
the fluid usually is composed primarily of irrigant, 
placement of a small bore (8 to 10 F) thoracos- 
tomy tube is generally sufficient for drainage, 
and can be placed with the same equipment and 
technique used to obtain percutaneous access 
(see Fig. 8). Ogan and colleagues compared the 
sensitivity of intraoperative chest fluoroscopy 
with immediate postoperative recovery room 
chest radiograph and postoperative day 1 CT of 
the kidneys and lung bases in 89 consecutive pa- 
tients undergoing PCNL [47]. Among this group, 
58% of patients underwent supracostal puncture, 
and seven patients required tube thoracostomy for 
hydropneumothorax, two of whom were detected 


PERCUTANEOUS ACCESS FOR RENAL CALCULI 359 


Fig. 7. (A,B) Flexible nephroscopy with opacification of calyces as they are entered to document and confirm entry into 


each calyx (arrows). 


by intraoperative chest fluoroscopy. The other 
cases were diagnosed postoperatively when the 
patients developed symptoms. In no case, was in- 
tervention initiated on the basis of immediate 
postoperative chest radiograph when intraopera- 
tive fluoroscopy was negative, suggesting that in- 
traoperative fluoroscopy is sufficient to assess 
the chest after PCNL. Patient symptoms should 
prompt chest imaging postoperatively. Thus, rou- 
tine postoperative chest radiography is neither 
necessary nor cost-effective in patients who have 
been evaluated by intraoperative fluoroscopy. 


Radiation safety 


Although the urologist can limit radiation expo- 
sure to the patient outside the operating room by 
the judicious selection of pre- and postoperative 


imaging studies, intraoperative radiograph use falls 
under the direct control of the surgeon and impacts 
not only patient but surgeon safety also. Because of 
the widespread use of ionizing radiation for medical 
diagnostic and therapeutic purposes, many states 
have established boards of radiological health and 
safety. In California for example, physicians using 
fluoroscopy are legally mandated to be licensed 
radiograph supervisors and operators, a process 
which requires completion of a computer-based 
examination on the principles of radiation physics 
and safety. The key principle in maximizing safety 
is to keep the exposure as low as reasonably 
achievable (ALARA), to protect the patient, 
physician, and other operating room personnel. 
Knowledge of the quantity of radiation 
incurred during PCNL is critical to instituting 
means to minimize exposure. Hellawell and 


Fig. 8. (A) Fluoroscopic inspection of the chest after PCNL with supracostal access. Arrows depict a moderate-sized 
hydrothorax between the costal margin and lung parenchyma. (B) Successful placement of small bore thoracostomy 
tube (arrow) into the pleural space under fluoroscopic guidance. 
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colleagues measured radiation exposure during 18 
ureteroscopy and six PCNL procedures during 
a 4-month period by placing thermoluminescent 
dosimeters in seven locations on the surgeon’s 
body, including the forehead, the fifth digits of 
both hands, and both anterior legs and ankles 
[48]. During PCNL in which the radiograph tube 
of the C arm was placed under the patient and the 
image intensifier on top, as is routine, the greatest 
exposure from scattered radiation was recorded in 
the lower extremities, and the lowest exposure was 
recorded at eye level as recorded by the forehead 
dosimeter. Average fluoroscopy time was 10.7 
minutes for PCNL. At a distance of 75 cm from 
the patient, a surgeon performing 50 PCNLs 
a year would receive a total body exposure of 
2 to 8.4 mGy, with the lower value representing 
the ocular dose and the higher value occurring 
at the level of the legs. These doses represent 
0.5% to 1.7% of the established allowable dose 
limit for radiation exposure in Great Britain [48]. 

Although this report suggests that radiation 
exposure to the surgeon is low, Yang and col- 
leagues studied the use of a novel radiation shield 
during PCNL to further protect the surgeon from 
radiation exposure [49]. Using a 0.5 mm lead- 
equivalent vinyl-coated sheeting fastened to the 
operating table during PCNL, they demonstrated 
a 71% to 96% decrease in exposure to ionizing ra- 
diation using dosimeters. 

Because the harmful effects of radiation do not 
occur at a threshold level, but rather in a dose- 
dependent manner, it is critical for the surgeon to 
understand basic radiation physics and to use the 
ALARA principle when performing PCNL. Ex- 
posure to primary radiation and scatter radiation 
should be minimized to protect the surgeon and 
patient. Scatter radiation occurs when the primary 
beam intercepts an object, typically the patient, 
and scatters x-rays. Scatter radiation is greatest 
below the operating table when the C arm is 
oriented with the image intensifier above the 
patient. In this orientation of the C arm, most 
of the scatter radiation is absorbed by the floor. 

All personnel should wear safety lead aprons 
and stand as far away as possible from the 
radiograph source. Ambient light in the operating 
room should be minimized to provide optimal 
visibility of the fluoroscopic monitor. The surgeon 
should keep his/her hands out of the radiation 
field as much as possible. The use of lead gloves 
will reduce exposure of the hands to radia- 
tion during percutaneous puncture or during 
endoscopic inspection under fluoroscopic 


guidance. In addition, collimating the radiation 
beam to the area of interest and placing the image 
intensifier as close to the patient as possible 
reduces the exposure of the surgeon and patient 
to scatter radiation and avoids exposure of areas 
of the patient adjacent to the area of interest. 
Lastly, the pulsed fluoroscopy mode should be 
used whenever possible to minimize fluoroscopy 
on time [50]. 


Postoperative imaging 


Post-PCNL imaging is aimed at identifying 
residual stones and establishing adequate ante- 
grade drainage from the collecting system. 


Plain abdominal radiographs 
and nephrotomograms 


Traditionally, KUB or plain nephrotomo- 
grams were used to identify residual stones post- 
PCNL and determine the need for second-look 
flexible nephroscopy. Although these modalities 
are inexpensive and quick, their sensitivity in 
detecting residual calculi is marginal. Denstedt 
and colleagues compared the sensitivity of KUB 
and plain nephrotomograms in detecting residual 
calculi in 29 patients with large renal calculi 
undergoing PCNL [51]. Using second-look flexi- 
ble nephroscopy as the gold standard for identify- 
ing residual stones, they found that KUB and 
nephrotomograms overestimated stone-free rates 
by 35% and 17%, respectively. Consequently, 
they encouraged the liberal use of flexible nephro- 
scopy to achieve a stone-free state after PCNL, 
regardless of the results of the imaging studies. 


CT 


With the widespread use of nonenhanced 
helical CT to identify renal and ureteral calculi, 
recent investigators compared the sensitivity of 
noncontrast CT with flexible nephroscopy in 
detecting residual stones after PCNL. Pearle and 
colleagues prospectively compared KUB, non- 
contrast CT, and flexible nephroscopy for their 
ability to detect residual stones in 36 patients with 
41 renal units undergoing PCNL for large or 
complex renal calculi [52]. Using flexible nephro- 
scopy as the gold standard reference, CT had 
a sensitivity of 100% and specificity of 62%, com- 
pared with 46% and 82%, respectively, for KUB. 
Thus, in their series, selective use of flexible neph- 
roscopy based on CT findings would have resulted 
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in only 12% of patients undergoing an unneces- 
sary operation compared with 32% of patients 
if flexible nephroscopy was performed in all 
patients, as was their routine. Furthermore, by 
eliminating an unnecessary procedure in 20% of 
patients, a cost savings of over $100,000 per 100 
patients potentially could be realized. 

Waldmann and colleagues also routinely per- 
formed post-PCNL CT and found no residual 
stones in 59% of 121 patients [53]. Patients with 
significant residual stones were treated with shock 
wave lithotripsy or second-look nephroscopy 
(35%), and the remaining patients were left un- 
treated. Although not all patients subsequently 
underwent flexible nephroscopy in this retrospec- 
tive series, the authors concluded that CT is far 
superior to plain renal nephrotomography in de- 
termining the need for a second-look procedure. 

Along with accurate identification of residual 
stones, CT has the additional advantage of pre- 
cisely pinpointing the location of residual frag- 
ments and their relation to the nephrostomy tract, 
further facilitating retrieval of residual stones 
(Fig. 9). 

Although the superiority of CT over plain 
radiographs in detecting renal calculi is undis- 
puted, the optimal CT parameters to detect calculi 
have not been established. With multi-detector 
CT scans, the thickness of the CT slice impacts the 
sensitivity and specificity in detecting calculi. With 
CT parameters adjusted to keep radiation expo- 
sure within an acceptable range, thinner slices lead 
to decreased signal-to-noise ratio. To determine 
the optimal setting to maximize sensitivity with- 
out undue noise and maintain an acceptable 


Fig. 9. Nonenhanced, helical CT obtained on the first 
postoperative day after PCNL demonstrates a solitary 
residual stone fragment (arrow) medial to nephrostomy 
tube (arrowhead). 


radiation level, Memarsadeghi and colleagues 
randomized 147 patients with suspected stones 
to noncontrast CT imaging at 1.5 mm, 3 mm, and 
5 mm slice thickness [11]. At a set dose of 11.4 
mGy, total radiation, sensitivity and specificity 
were equivalent at 1.5 mm and 3 mm slices, but 
5 mm slices led to a significantly higher frequency 
of missed stones. In this group, however, all 32 
missed stones were less than 3 mm in size. Al- 
though the size cut-off for clinically insignificant 
residual stones has never been established, use of 
3 mm slice thickness for CT imaging to detect re- 
sidual calculi is advisable. 

Although the sensitivity of CT in detecting 
renal calculi is unsurpassed, the reliability of CT 
in determining stone size has been questioned. 
Narepalem and colleagues compared size mea- 
surements of 58 stones on KUB and helical CT 
[54]. Although the measured transverse dimension 
was similar with the two modalities, CT tended to 
overestimate the cranio—caudal dimension of the 
stones by an average of 0.8 mm. In a similar study, 
Van Appledorn and colleagues concluded that 
helical CT overestimated stone size by 30% to 
50% in the cranio—caudal dimension, compared 
with KUB [55]. In that study, the number of con- 
secutive images in which a ureteral stone was visi- 
ble on CT was multiplied by the reconstruction 
interval of 5 mm to create a size estimate, which 
was compared with the measurements of the 
same stone seen on the KUB film. 

On the other hand, Kampa and colleagues 
reported that both urologists and radiologists 
routinely use “‘guestimations’” when measuring 
stone size rather than actual measurements [56]. 
In their survey of 425 radiologists and urologists, 
a standard 11 mm stone was on average underes- 
timated at 9.6 mm (P<.02), and up to 59% of 
practitioners admitted to using estimates rather 
than relying on electronic rulers for digital images. 

Despite potential inaccuracies in measuring 
stone size, however, CT remains the best modality 
for detecting residual stones. The need for flexible 
nephroscopy based on the size of the residual 
fragments remains at the discretion of the 
surgeon. 


Antegrade nephrostogram 


Because of the potential for edema of the 
ureter or ureteropelvic junction as a result of 
previous stone or ureteral manipulation, ante- 
grade nephrostogram is performed after most 
PCNL procedures to assure adequate antegrade 
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drainage (Fig. 10). In addition, opacification of 
the collecting system can delineate calyceal anat- 
omy, and along with noncontrast CT imaging, 
precisely localize residual stone fragments, 
thereby facilitating second-look flexible nephro- 
scopy. If antegrade drainage is confirmed, the 
nephrostomy tube can be removed safely. 


Summary 


PCNL is an image-driven treatment modality 
that relies heavily on: 


e Preoperative imaging to define stone burden 
and delineate the relational anatomy of the 
kidney 

e Intraoperative imaging to facilitate percuta- 
neous puncture, endoscopic inspection, and 
pleural screening 

e Post-operative imaging to detect residual 
stones and assure antegrade drainage 


The emergence of CT as the imaging modality 
of choice for detecting renal calculi and the ability 


Fig. 10. Antegrade nephrostogram after PCNL shows 
filling of the collecting system and ureter and flow of 
contrast into the bladder. Filling defects in the ureter 
represent air bubbles (arrow). The nephrostomy tube 
can be removed safely. 


of CT urography with or without three-dimensiona 
reconstruction to delineate the collecting system 
make this the most versatile and sensitive 
imaging modality for use in PCNL. Fluoroscopy 
remains the mainstay of intraoperative imaging, 
but CT fluoroscopy holds promise in enhancing 
the ability to obtain safe percutaneous access 
and to detect residual stones. At present, IVU 
and ultrasound continue to play a role in the 
percutaneous management of patients who have 
renal calculi. 
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Trauma is the leading cause of death in young 
Americans. About 3% to 10% of patients who 
experience traumatic injuries will have involve- 
ment of the genitourinary tract [1,2]. Of these, the 
most commonly involved organ is the kidney, fol- 
lowed by the bladder, urethra, and ureter [2]. 
While much of the initial evaluation and resuscita- 
tion will be performed by an emergency room 
physician and trauma surgeon, it is important 
for a urologist to have early involvement and 
a clear understanding of both the mechanism 
and extent of injury. While the vast majority of 
traumatic urologic injuries are not life threaten- 
ing, failure of diagnosis and delay in treatment 
can lead to significant patient morbidity. 

The genitourinary tract has an amazing 
ability to heal itself. If the flow of urine can 
be maintained without obstruction, then healing 
of the traumatic injury is likely. The goal of the 
urologist in a trauma situation is thus threefold: 
(1) minimize hemorrhage, (2) maintain urinary 
flow without obstruction to preserve renal func- 
tion, and (3) prevent extravasation of urine 
outside the urinary tract thereby decreasing the 
risk of local and systemic infection. With these 
goals in mind, proper imaging to correctly 
identify urologic injuries becomes of paramount 
importance. This paper will review the most 
current imaging modalities available to the 
practicing urologist. It will also define the 
clinical indications for each of these modalities. 


* Corresponding author. 
E-mail address: pspirnak@metrohealth.org 
(J.P. Spirnak). 


Renal trauma 


The kidney is clearly the most commonly 
injured urologic organ. About 85% to 95% of 
these injuries are due to blunt trauma, with the 
remainder a result of penetrating injuries [3,4]. In 
recent decades, rapid access to precise radio- 
graphic imaging has led to a significant shift in 
the management of renal trauma. The vast major- 
ity of these injuries, both blunt and penetrating, 
are now managed nonoperatively. 


Indications for renal imaging 


Specific imaging criteria have been developed to 
identify those trauma victims who are likely to have 
major renal injuries. Radiographic imaging is 
recommended in all adult blunt trauma patients 
who present with either gross hematuria or hypo- 
tension (defined as a systolic blood pressure of less 
then 90 mm Hg at any time during resuscitation/ 
evaluation). This recommendation is based on data 
that show about 12.5% of patients with either of 
these symptoms will have a major renal injury [5]. 
Only 0.2% of adult blunt trauma patients who 
present with microhematuria and a systolic blood 
pressure above 90 mm Hg will have a significant re- 
nalinjury. This was validated by a prospective study 
that demonstrated that these patients can be 
followed clinically without radiographic imaging 
[5]. Despite the above criteria, one should obtain ra- 
diographic imaging if the history or examination is 
suggestive of renal injury: a rapid deceleration in- 
jury (high-speed motor vehicle accidents, fall from 
heights), flank ecchymosis, rib fractures, or lumbar 
spine or transverse process fractures. 

Traditionally, all pediatric blunt trauma pa- 
tients with any degree of hematuria have 
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undergone radiographic imaging. Previous studies 
have shown that children are at greater risk of 
renal trauma after blunt abdominal injury when 
compared with adults [6]. Recent studies have sug- 
gested adopting criteria similar to that of adult 
patients to determine who requires radiographic 
assessment [7]. This clinical situation will remain 
controversial until a prospective study is 
performed. 

All penetrating trauma patients require radio- 
graphic imaging if clinically stable. The degree of 
hematuria, presence of hypotension, and location 
of entry are not reliable in determining which 
patients require radiographic imaging. 


Radiographic assessment 


Computerized tomography 

The gold standard for imaging renal injuries is 
contrast-enhanced computerized tomography 
(CT). Rapid spiral scanners are now readily 
available at most trauma centers and allow for 
thin-cut, high-quality images to be obtained in 
a matter of minutes. Contrast-enhanced CT 
allows for clear delineation of parenchymal le- 
sions, identification of associated hematomas, and 
detection of urine extravasation. In addition, 
associated solid-organ injuries can be identified. 

It is crucial that after initial scanning of the 
abdomen and pelvis is completed, a second scan— 
approximately 10 minutes after contrast injection— 
is performed to fully evaluate the collecting system. 
Studies at our institution have shown that without 
obtaining a delayed scan, 8.6% of collecting system 
injuries were missed [8]. 

The American Association for the Surgery of 
Trauma has developed a classification system for 
renal injuries based on depth of injury, vascular 
involvement, and presence of urinary extravasa- 
tion [9] (see Box 1, Fig. 1). 

The majority of renal injuries seen are classi- 
fied as grade 1 (see Fig. 2). Renal contusions are 
seen as either ill defined or sharply defined areas 
of hypoenhancement. Subcapsular hematomas 
present as high-density fluid collections between 
the renal capsule and parenchyma. They fre- 
quently compress the underlying parenchyma, 
leading to a deformity in shape. 

Nonexpanding perinephric hematomas are 
classified as grade 2 injuries (see Fig. 3). They ap- 
pear on CT as high-density, ill-defined collections 
between Gerota’s fascia and the renal paren- 
chyma. They can be quite large, but typically do 
not cause deformity of the kidney. 


Box 1. American Association for the 
Surgery of Trauma Classification 
System for Renal Injuries 


Grade 1 injuries 

e hematuria with normal imaging 

e contusions 

e subcapsular, nonexpanding hematoma 
without parenchymal laceration 


Grade 2 injuries 

e nonexpanding perinephric hematomas 
confined to the retroperitoneum 

e renal cortical lacerations less than 1 cm 
in depth without urinary extravasation 


Grade 3 injuries 

e renal cortical lacerations greater than 
1 cm in depth without urinary 
extravasation 


Grade 4 injuries 

e parenchymal laceration extending 
through renal cortex/medulla and into 
collecting system 

e main renal artery or vein injury with 
contained hemorrhage 

e segmental infarction without 
associated laceration 


Grade 5 injuries 

e shattered or devascularized kidney 

e complete avulsion or thrombosis of 
mail renal artery or vein 

e Ureteropelvic junction avulsion 


Renal lacerations manifest as irregular, low- 
attenuation defects in the renal parenchyma. 
There is often an associated perinephric fluid 
collection. Lacerations are graded 2 to 4 based 
on depth and whether there is urinary extra- 
vasation (see Figs. 3 and 4). Delayed images are 
necessary to identify urinary extravasation. A 
“shattered kidney,” or grade 5 parencymal injury, 
suggests multiple parencymal lacerations (see 
Fig. 5). There are often associated areas of infarc- 
tion and urinary extravasation. 

Segmental infarctions are also classified as 
grade 4 injuries (see Fig. 6). They appear as well- 
circumscribed areas of nonenhancement within 
the parenchyma and area result of either thrombosis 
or laceration of segmental arteries. 
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Fig. 1. Classification of renal injuries by grade, based on the organ injury scale of the American Association for the Sur- 
gery of Trauma. (From McAninch JW, Santucci RA. Genitourinary trauma. In: Walsh PC, Retik AB, Vaughan ED, et al, 
editors. Campbell’s urology. 8th edition. Philadelphia: WB Saunders; 2002. p. 3709.) 


Vascular injuries are classified as either grade 
4 or 5. Bright enhancement of similar density to 
nearby vessel during initial phases of scanning 
suggests hemorrhage. A contained hemorrhage, 
also termed pseudoaneurysm, is usually well 
circumscribed (see Fig. 7). Active hemorrhage is 
usually more ill defined and there is often layering 
of contrast in the associated hematoma (see 
Fig. 8). A devascularized kidney will show no en- 
hancement (see Fig. 9). 


Fig. 2. Grade 1 renal injury. Contrast-enhanced CT 
scan of a patient involved in a motor vehicle accident 
demonstrates a small area of hypoenhancement along 
the posterior aspect of the right kidney (arrow). 


Fig. 3. Grade 2 renal injury. (A) Contrast-enhanced CT 
scan of a patient who fell from a ladder demonstrates 
a low-attenuation defect in the posterior right renal 
cortex (arrow) with an associated perinephric 
hematoma. (B) Delayed image does not reveal urinary 
extravasation. 
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Fig. 4. Grade 3 renal injury. (A) Contrast-enhanced CT 
scan of a patient involved in a motorcycle accident re- 
veals a low-attenuation defect in the medial left renal 
parenchyma (arrow) extending greater than lcm into 
the cortex. (B) Delayed image does not reveal urinary 
extravasation. 


Ureteropelvic avulsion is classified as a grade 5 
injury (see Fig. 10). There is extravasation of urine 
seen on delayed images. Complete avulsion can be 
differentiated from a partial tear by the absence of 
contrast in the distal ureter. 


Other imaging modalities 

In the United States, ultrasonography (US) has 
been popularized as a means to evaluate blunt 
abdominal trauma patients. This usually consists 
of a focused abdominal sonogram, commonly 
referred to as a FAST scan (Focused Assessment 
Sonography for Trauma). Typically, six specific 
areas are examined for the presence of free fluid: 
(1) the pericardial space, (2) the hepatorenal 
recess, (3) the splenorenal recess, (4,5) the right 
and left paracolic gutters, and (6) the pelvis [10]. 
The scan is usually performed by an emergency 
room physician or trauma surgeon in the trauma 
bay as resuscitation commences. While FAST 


Fig. 5. Grade 5 renal injury: shattered kidney. (A) Con- 
trast-enhanced CT of a patient involved in a high-speed 
motor vehicle accident demonstrates multiple deep hy- 
podense lacerations extending through renal paren- 
chyma with a large perirenal hematoma (arrows). (B) 
Delayed image from same CT demonstrates urinary ex- 
travasation (arrow). 


Fig. 6. Grade 4 renal injury: segmental infarct. Con- 
trast-enhanced CT from a patient involved in a high- 
speed motor vehicle accident who suffered bilateral renal 
injuries. Note the wedge-shaped area of non-enhance- 
ment (arrow) along the anterolateral border of the right 
kidney. 
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Fig. 7. Grade 4 renal injury: pseudoaneurysm. Contrast- 
enhanced CT of patient involved in a high-speed motor 
vehicle accident. Patient suffered substantial drop in he- 
matocrit 20 days after initial injury and repeat CT dem- 
onstrated a new well-circumscribed left renal artery 
pseudoaneurysm (arrow). 


has been shown to successfully identify free intra- 
peritoneal fluid and possible organ injury [10], it 
cannot differentiate between blood, extravasated 
urine, and other types of free fluid. This is a crucial 
distinction with regard to genitourinary trauma. 
Furthermore, as many as 65% of isolated renal in- 
juries will not have associated free fluid [11]. Over- 
all, US has been shown to be less sensitive 
compared with CT for the identification of renal 
injuries [12,13]. If ultrasonography suggests a renal 
injury, or if US is negative and there is significant 
hematuria, the patient should undergo CT pro- 
vided the patient is stable. 


Fig. 8. Grade 5 renal injury: active extravasation. Con- 
trast-enhanced CT scan of a patient involved in a motor 
vehicle accident with a right renal laceration. Note the 
waterfall-shaped area of vascular contrast extravasation 
(arrow) within the perinephric hematoma. 


Fig. 9. Grade 5 renal injury: main renal artery thrombo- 
sis. Contrast-enhanced CT of a patient involved in a mo- 
tor vehicle collision demonstrates a non-enhancing right 
kidney. Note the lack of perinephric fluid. (From Smith 
JK, Kenney PJ. Imaging of renal trauma. Radiologic 
Clinics of North America 2003;41(5):1019-35.) 


Magnetic resonance imaging with gadolinium 
can provide detailed images with regard to renal 
injuries, but simply is not practical in the acute 
trauma patient. Angiography can be an important 
adjunct to CT in patients with active vascular 
extravasation. In cases were there is active extrav- 
asation from a renal vessel or delayed hemorrhage 
from a pseudoaneurysm, angiography with trans- 
catheter embolization has been shown to be 
successful [14,15]. 


Intraoperative imaging 

Hematuria in the unstable patient undergoing 
emergent laparotomy still requires immediate 
assessment. In this situation, a “single-shot” 
excretory urogram is obtained. A single plain 
film is taken 10 minutes after intravenous in- 
jection of 2 cc/kg of iodinated contrast. Morey 
and colleagues [16] have shown that the findings 
from a properly obtained intraoperative excretory 
urogram safely obviated renal exploration in 32% 
of patients. They observed no complications and 
no contrast reactions in this study. 


Ureteral injuries 


Traumatic ureteral injuries are quite rare, 
representing less than 1% of all genitourinary 
traumas [17]. This is partly because the proximal 
ureter is well protected by the psoas muscle and 
vertebrae, while the distal ureter is protected by 
the bony pelvis. Given this fact, a patient must 
suffer a significant traumatic event to injure the 
ureter. There is concomitant abdominal organ 
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Fig. 10. Grade 5 renal injury: UPJ avulsion. (A) Con- 
trast-enhanced CT of a patient involved in a high-speed 
motor vehicle accident with bilateral renal injuries. Note 
multiple areas of non-enhancement within the left kid- 
ney, which is displaced anteriorly by perinephric fluid 
(arrow). (B) Delayed images reveal urinary extravasation 
from UPJ (arrow). No contrast was seen in the distal 
ureter on lower images. 


injury in the vast majority of cases, with small and 
large bowel injuries seen most frequently [17,18]. 


Indications for ureteral imaging 


About 56% of patients with ureteral injuries 
are hypotensive on presentation, indicative of the 
severity of trauma that was incurred rather than 
the ureteral injury itself [17]. The most recent 
studies show that hematuria, either gross or mi- 
croscopic, is present in about 75% to 85% of 
patients [17,19]. If there is complete ureteral 
transection or an adynamic segment of ureter, he- 
maturia may not be present. Thus, one must pay 
particular attention to mechanism of injury 


when considering the possibility of a ureteral in- 
jury. All stable patients with penetrating injuries 
require radiographic evaluation. Patients with 
blunt injuries resulting from rapid deceleration 
also require radiographic imaging. 


Radiographic assessment 


Computerized tomography 

Contrast-enhanced CT is highly sensitive at 
detecting urine extravasation, as well as other 
organ injuries, and should be considered the first 
mode of imaging for ureteral trauma. As pre- 
viously stated, it is essential to obtain delayed 
images about 10 minutes after contrast injection 
to avoid missing urinary extravasation (see 
Fig. 11) [6]. 


Fig. 11. Distal ureteral injury. This patient suffered 
a gunshot wound to the abdomen. He underwent explor- 
atory laparotomy and bowel resection, but the distal 
ureter was not explored. He developed abdominal pain 
and distention and underwent a contrast-enhanced CT. 
(A) Initial arterial phase demonstrates a large fluid col- 
lection in inferior recesses of the peritoneum (arrow). 
(B) Delayed image shows extravasation of contrast 
from distal ureter (arrow) into the fluid collection. 
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Excretory urography 

Many patients in whom ureteral injury may be 
a concern will progress to immediate laparotomy 
because of instability from other intra-abdominal 
injuries. In this situation, a “one-shot” excretory 
urogram may be obtained intraoperatively to 
assess for possible upper urinary tract injuries. A 
single film should be taken 10 minutes after 
intravenous injection of contrast material (see 
Fig. 12). These studies can sometimes provide 
sub-optimal visualization of the upper urinary 
tract. A negative study does not completely re- 
move the possibility of a ureteral injury and surgi- 
cal exploration should be performed if a ureteral 
injury is still suspected. 


Retrograde pyelography 

A retrograde pyelogram has been shown to be 
extremely sensitive in identifying ureteral injuries 
[20]. However, it is most often not feasible in the 
acute trauma setting. We have found it to be 
a good adjunct to CT-IVP to confirm and further 
delineate the extent of ureteral injury. It can also 
be helpful in planning further surgical manage- 
ment of the injury. 


Fig. 12. Excretory urogram of patient who suffered ab- 
dominal stab wound. Note there is no contrast distal to 
the site of extravasation, indicative of complete ureteral 
transaction. (From McAninch JW, Santucci RA. Geni- 
tourinary rauma. In: Walsh PC, Retik AB, Vaughan ED, 
et al, editors. Campbell’s urology. 8th edition. Philadel- 
phia: WB Saunders; 2002. p. 3717.) 


Bladder injuries 


Bladder injury can occur as a result of blunt or 
penetrating lower abdominal trauma. It is rela- 
tively uncommon because of the protection pro- 
vided by the bony pelvis. However, about 10% of 
individuals who suffer a pelvic fracture will have 
a concomitant bladder injury [21]. Proper charac- 
terization of these injuries by radiographic 
imaging is essential to proper management. 


Indications for cystography 


Almost all patients (95% to 100%) with injury 
to the bladder will present with gross hematuria 
[22,23], with the remaining patients having micro- 
scopic hematuria [22]. Occasionally there will be 
no return of urine upon catheterization of the 
bladder and this situation also demands cystogra- 
phy. Bladder injury is associated with urethral dis- 
ruption in about 10% to 29% of cases [22]. These 
patients present with blood at the urethral meatus, 
the inability to urinate, or perineal ecchymosis. In 
this situation, a retrograde urethrogram should 
be performed to evaluate the urethra before cath- 
eterization and cystography. 


Radiographic assessment 


CT cystography 

We currently recommend CT cystography as 
opposed to standard cystography for the evalua- 
tion of possible bladder injuries. This approach 
saves time since almost all patients will undergo 
CT for evaluation of intra-abdominal organ in- 
jury and pelvic fracture. A scan of the lower 
abdomen and pelvis is obtained after retrograde 
instillation of 350 cc (or until the patient experi- 
ences discomfort) of diluted contrast. A second 
scan after contrast drainage should also be ob- 
tained (see Figs. 13 and 14). It is necessary to di- 
lute the contrast material because undiluted 
contrast is too dense and will compromise the 
quality of the obtained images. We have obtained 
excellent images using 5% dilute solution, but 
other authors have recommended using even 
more dilute 2% solution [24]. CT cystogram per- 
formed by intravenous injection of contrast, 
clamping of the Foley catheter, and delayed imag- 
ing is not recommended. This technique has been 
shown to lead to missed injuries [25]. Studies have 
shown that CT cystography is equally as sensitive 
as conventional cystography for the detection of 
bladder injuries [24,26]. 
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Fig. 13. CT cystogram of extraperitoneal bladder in- 
jury. (A) Initial CT after filling bladder shows small 
amount of extravasation (arrow) from left lateral wall 
of bladder. (B) Repeat scan after drainage confirms 
extraperitoneal extravasation (arrow). 


Conventional cystography 

Conventional retrograde cystography, with 
plain abdominal x-ray and drainage films, has 
been shown to have 100% accuracy in diagnosing 
significant bladder injuries [23]. To perform prop- 
erly, approximately 350 cc of contrast are instilled 
in the bladder via a catheter and a plain abdomi- 
nal film is obtained in the anteroposterior projec- 
tion. The bladder is then emptied and a second 
post drainage film is obtained. This second film 
is essential, as approximately 13% of bladder in- 
juries are detected on the drainage film [23]. 

An extraperitoneal rupture routinely demon- 
strates extravasated contrast confined to the 
pelvis, although it may track into the retroperito- 
neal space. The extravasated contrast often ap- 
pears as flame-like wisps or linear streaks (see 
Fig. 15). With an intraperitoneal rupture, the con- 
trast extravasates throughout the peritoneal cav- 
ity. It is typically visible in the paracolic gutters 
and outlining loops of bowel (see Fig. 16). 


Urethral injuries 


Traumatic injuries to the urethra occur in 
approximately 10% of patients who suffer pelvic 
fractures [27]. They are extremely rare in female 


Fig. 14. CT cystogram of intraperitoneal bladder injury. 
(A) Initial scan through pelvis reveal catheter balloon 
with bladder. (B) Scan after instillation of contrast 
through catheter reveals intraperitoneal extravasation 
of contrast. Note that bowel loops are outlined by the 
extravasated contrast (arrow). 


Fig. 15. Cystogram of extraperitoneal bladder injury. 
Extravasated contrast appears as a flame-like wisp con- 
tained within the extraperitoneal space (arrow). (From 
McAninch JW, Santucci RA. Genitourinary trauma. 
In: Walsh PC, et al, editors. Campbell’s urology. 8th edi- 
tion. Philadelphia: WB Saunders; 2002. p. 3722.) 


IMAGING IN THE MANAGEMENT OF UROLOGIC TRAUMAS 373 


Fig. 16. Cystogram of intraperitoneal bladder injury. 
Note extravasated contrast within peritoneal cavity, out- 
lining loops of bowel (dark arrow). (From McAninch JW, 
Santucci RA. Genitourinary trauma. In: Walsh PC, Retik 
AB, Vaughan ED, et al, editors. Campbell’s urology. 8th 
edition. Philadelphia: WB Saunders; 2002. p. 3722.) 


patients because of the hypermobility of the ure- 
thra and lack of bony attachments. This diagnosis 
should be considered in all patients who present 
with pelvic fractures. 


Indications for imaging 


The most common clinical findings in patients 
with urethral injuries are gross hematuria or 
blood at the urethral meatus. Occasionally, a pa- 
tient may present with a full bladder and an 
inability to urinate. On physical examination, 
there can be perineal/scrotal swelling and ecchy- 
mosis resulting from extravasation of blood. A 
perineal “butterfly hematoma” is classically de- 
scribed. Digital rectal examination is also impor- 
tant and can reveal an absent or “high-riding”’ 
prostate. If any of the above findings are noted on 
presentation, a retrograde urethrogram (RUG) is 
indicated. These classic findings may not be 
present initially and the possibility of a urethral 
injury is appreciated only after the trauma team is 
unable to place a urethral catheter. Again, the 
diagnosis should then be confirmed with a RUG. 


Retrograde urethrogram 


The ideal positioning for performing a retro- 
grade urethrogram is with the patient in the 
oblique position with the penis stretched perpen- 
dicular to the femur. Multiple techniques have 


been described in the literature [28]. Some urolo- 
gists prefer to perform the instillation of contrast 
using a catheter-tip bulb syringe or a Brodney 
clamp (Fig. 17). Alternatively, a 14-Fr Foley cath- 
eter can be inserted at the meatus and the balloon 
then inflated in the fossa navicularis with 2 to 3 cc 
of sterile water. A Toomey syringe is then used to 
administer 30 to 40 cc of water-soluble contrast 
and a plain film is obtained while the last 10 cc 
is instilled. Complete disruption is demonstrated 
by extravasation without filling of the bladder 
(see Fig. 18). Partial filling of the bladder with ex- 
travasation is indicative of partial disruption (see 
Fig. 19). If there is no extravasation, the catheter 
should be advanced into the bladder and a cysto- 
gram should be performed to ensure there is no 
bladder injury. Of note, concomitant bladder 
injuries occur in 10% to 29% of patients with a 
urethral injury [29]. 


Scrotal trauma 


The scrotum and testicles can be subject to 
both blunt and penetrating injury. The physical 
examination can vary tremendously from a small 
area of ecchymosis to massive swelling and 
discoloration as a result of extensive hemorrhage. 
We recommend scrotal exploration in all cases 
where there is a large hematocele or rupture of the 
tunica albuginea. Scrotal ultrasound can be used 
as an adjunct to the physical examination. This 
may reveal a heterogeneous appearance of the 
testicular parenchyma, suggestive of intratesticu- 
lar hemorrhage, or disruption of the tunica (see 
Fig. 20). If the ultrasound is inconclusive, one 
should still proceed with exploration if the physi- 
cal examination is grossly abnormal. 


Fig. 17. Modified Brodney clamp. 
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Fig. 18. Retrograde urethrogram of complete urethral 
disruption. Note that no contrast is seen within the blad- 
der. A catheter was able to be placed with retrograde 
cystoscopy. Cystogram revealed no evidence of bladder 
injury. 


External genital injuries 


Penetrating injury to the penis can occur from 
gunshot or stab wounds, or as a result of self- 
mutilation. Retrograde urethrography is recom- 
mended in all patients, as studies have shown 
urethral injury in up to 50% of patients [30,31]. 

Penile “‘fracture’—corpus cavernosal rupture 
from blunt trauma to the erect penis—is relatively 
uncommon. In the United States, the most com- 
mon cause is striking of the penis on the perineum 


Fig. 19. Retrograde urethrogram of partial urethral dis- 
ruption (thin arrow). Note that there is contrast seen 
within the bladder (thick arrow). 


LAT 
SAG TESTICLE SAG 


Fig. 20. Scrotal ultrasound of testicular injury. This pa- 
tient suffered a gunshot wound to the right hemiscro- 
tum. On exam, he had mild tenderness of the right 
testicle and a small hematoma. Ultrasound shows dis- 
ruption of the inferior border of the tunica with a hetero- 
geneous appearance of the testicular parenchyma in this 
region (arrow). Exploration revealed a tunical injury and 
patient underwent partial orchiectomy. 


or symphysis during intercourse [32]. The patient 
often reports hearing a “pop.” On physical 
exam, there is almost always penile swelling and 
ecchymosis and a corporal defect can occasionally 
be palpated. Some have reported the use of ultra- 
sound to aid in the diagnosis (see Fig. 21) [33], but 
history and physical exam are in general sufficient 
to make the diagnosis. Others have reported using 
cavernosography with excellent sensitivity [34]. 
This is performed by percutaneously placing 
a 25-gauge butterfly needle into the corpus caver- 
nosum and injecting contrast material. Fluoros- 
copy or plain radiography is then used to obtain 
images. An associated urethral injury is seen in 
about a third of patients with penile fractures 
[32]. A retrograde urethrogram should be ob- 
tained in all penile fracture patients who present 
with gross hematuria, blood at the meatus, or 
with the inability to void. 


Summary 


All practicing urologists will encounter a wide 
variety of traumatic injuries in their career, as 3% 
to 10% of trauma patients have injury to the 
genitourinary tract [1,2]. In these situations, ra- 
diologic imaging is essential for making the cor- 
rect diagnosis and managing it appropriately. 
One should choose which radiographic modality 
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Fig. 21. Ultrasound of penile fracture. This patient presented with loss of penile rigidity, pain, and hematuria after an 
injury suffered during intercourse. (A) Transverse sonogram of the penis shows subcutaneous hematoma of variable 
echogenicity in continuity with the right corpus cavernosa (asterisk), suggesting a fracture. A Foley catheter (arrow) 
is within the urethra. (B) Corresponding color-flow images shows absence of flow within the area of the fracture. (C) 
Retrograde urethrogram shows a rupture of the bulbar urethra. (From Bhatt S, Kocakoc E, Rubens DJ, et al. Sono- 
graphic evaluation of penile trauma. Journal of Ultrasound Medicine 2005;24:993—1000.) 


is appropriate based on the mechanism of injury 
and patient presentation. All patients with pene- 
trating trauma and hematuria, blunt abdominal 
trauma with shock or gross hematuria, or a rapid 
deceleration injury warrant imaging of the urinary 
tract. Computed tomography is the modality of 
choice for most situations. Obtaining delayed im- 
ages is essential in diagnosing the presence of uri- 
nary extravasation. Patients with pelvic injuries 
and gross hematuria should undergo either CT 
cystography or conventional cystography. Those 
with blood at the urethral meatus, inability to uri- 
nate, perineal/scrotal ecchymosis, or abnormal 
digital rectal exam should undergo retrograde ure- 
thrography. Ultrasound is warranted in patients 
with scrotal trauma when physical exam is incon- 
clusive. Patients with penetrating trauma to the 
external genitalia should undergo retrograde ure- 
thrography, as should those who suffer blunt 
trauma to the penis and present with gross 
hematuria, blood at the meatus, or the inability 
to void. Using these criteria for imaging should 
lead to the proper diagnosis and minimize patient 
morbidity. 
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Urologic malignancies are common, account- 
ing for approximately 25% of all new cancer cases 
in the United States [1]. In addition, urologic ma- 
lignancies often have prolonged latent periods and 
high survival rates following treatment. Because 
of these factors, many patients with urologic ma- 
lignancies require long-term surveillance to detect 
progression or recurrence as early as possible and 
provide adjuvant or salvage therapy. The urolo- 
gist is faced with the task of balancing patient 
safety and cost-effectiveness, while finding the 
most practical follow-up regimen. In addition to 
regular physical examinations and laboratory 
studies, imaging modalities such as ultrasonogra- 
phy, plain film radiography, CT, and MRI are es- 
sential to cancer surveillance strategies. For each 
urologic malignancy, this article reviews the com- 
monly used radiologic techniques for surveillance 
and offers recommended follow-up schedules. 


Prostate cancer 


Prostate cancer remains the most common 
malignancy to affect males in the United States, 
with an estimated 232,090 new cases in 2005, 
accounting for 33% of new male cancer cases [1]. 
For all stages, the 10- and 15-year survival rates 
have been reported to be 92% and 61%, respec- 
tively [1]. Recent studies also have shown that 
the percentage of men diagnosed with low-risk 
prostate cancer has increased from 29.8% from 
1989 to 1992 to 45.3% from 1999 to 2001 [2]. 
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These factors combined suggest that most men di- 
agnosed with prostate cancer will require many 
years of follow-up. Although the role of imaging 
in the surveillance of prostate cancer is not clearly 
defined, studies including transrectal ultrasounds, 
bone scans and CT scans, as well as newer imag- 
ing modalities such as positron emission tomogra- 
phy (PET) and radioimmunoscintigraphy are used 
commonly. In most cases, however, the presence 
or absence of other signs and symptoms of cancer 
recurrence, such as biochemical failure or bone 
pain, determine in large part the usefulness of ra- 
diologic studies. 


Watchful waiting 


Along with prostate-specific antigen (PSA) 
monitoring, the purpose of radiologic surveillance 
during watchful waiting is to detect disease pro- 
gression that may benefit from intervention as 
early as possible to provide the patient with 
options for palliative or potentially curative treat- 
ment. The most common imaging techniques 
routinely used in watchful waiting protocols are 
transrectal ultrasonography (TRUS) and bone 
scans. Although there are no definitive guidelines 
regarding the use of either of these studies during 
watchful waiting, a review of the literature reveals 
several common practice patterns. Several watch- 
ful waiting studies have included TRUS examina- 
tions every 6 to 12 months [3—5], and some have 
recommended that annual TRUS examinations 
be included in the standard watchful waiting pro- 
tocol [6]. Hruby and colleagues, however, found 
little value for serial TRUS in watchful waiting, 
with no correlation seen between PSA change 
and TRUS examinations in the 136 men they 
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studied [7]. The more common use of TRUS 
among watchful waiting protocols has been to fa- 
cilitate repeat biopsies, which typically are per- 
formed 12 to 18 months after diagnosis and 
often yearly thereafter [3-6,8—-10]. There is, how- 
ever, no standard and no strong evidence as to 
the benefit of serial TRUS examinations or repeat 
biopsies. 

Similarly, bone scans are performed at differ- 
ent intervals and for slightly different indications 
among the watchful waiting protocols. Although 
several watchful waiting studies obtained bone 
scans on an annual or semiannual basis [4,5,11], 
current recommendations generally agree that 
bone scans should be performed only when clini- 
cally indicated by symptoms of bone pain or ele- 
vated PSA values [6,8]. There is some 
disagreement, however, as to what PSA level war- 
rants the acquisition of a bone scan. It has been 
reported that for PSA values of 20 to 50 ng/mL, 
the rate of positive bone scans is approximately 
8%, while the rate is 16% for PSA values greater 
than 50 ng/mL [12]. In addition, PSA values 
greater than 50 ng/mL have been shown to often 
be associated with radiologic evidence of skeletal 
metastasis [13]. After evaluating a series of 244 
men with clinical stage T1-2b prostate cancer on 
a watchful waiting protocol, Yap and colleagues 
recommended that bone scans should be obtained 
only when PSA values exceed 15 ng/mL because 
of the low yield below this level [14]. There are 
also no standard recommendations regarding a ris- 
ing PSA, although a significant increase in PSA 
likely should be evaluated with a bone scan. 


Hormonal therapy 


Radiologic surveillance of those men on hor- 
monal therapy for prostate cancer consists mainly 
of periodic bone scans. It has been suggested that 
routine imaging is not needed in low-risk patients 
who have stable PSA values and no clinical 
evidence of disease progression [8,15]. Rising 
PSA values or clinical symptoms, however, are in- 
dications to obtain a bone scan and consider a CT 
scan [8]. In addition, for patients who have high- 
risk T3-4 disease, Messing and Thompson suggest 
bone scans be performed every 12 months for 
those with a Gleason score of less than or equal 
to 7 and PSA values less than 15 ng/mL, and every 
6 months for those with Gleason score 8 to 10 or 
PSA values greater than 15 ng/mL [8]. For those 
with metastatic disease receiving hormonal ther- 
apy, bone scans are recommended every 6 months 


for those with a PSA nadir less than 2.0 ng/mL, 
and every 3 months for those with PSA nadir 
greater than 2.0 ng/mL [8]. In addition, those 
men receiving hormonal therapy should be con- 
sidered for baseline and periodic bone mineral 
density studies if prolonged treatment is antici- 
pated [8]. 


Radical prostatectomy 


The purpose of radiologic imaging following 
radical prostatectomy (RP) is early detection of 
local or distant recurrences to initiate salvage 
radiotherapy or androgen deprivation if appro- 
priate. Among those with recurrence after RP, 
Pound and colleagues reported that 45% of 
patients experienced the recurrence within the first 
2 years, 77% within the first 5 years, and 23% 
after 6 years [16]. Imaging modalities, such as 
bone scans, CT scans, PET, and radioimmuno- 
scintigraphy have been used to detect and localize 
recurrent disease with varying degrees of success, 
but none have proven to be as valuable as follow- 
ing post-RP PSA levels. Reporting on a series of 
1916 men following RP, Pound and colleagues 
found no recurrences in the absence of a detectable 
PSA, and therefore suggested that imaging is un- 
necessary in postprostatectomy patients with an 
undetectable PSA and no other clinical evidence 
of recurrence [17]. In the setting of increasing 
PSA levels following RP, however, imaging stud- 
ies often are needed to localize the site of recur- 
rence. The National Comprehensive Cancer 
Network (NCCN) defines biochemical recurrence 
after RP as PSA greater than 0.3 ng/mL and rising 
on two or more determinations. [10] 

As in watchful waiting protocols, the role of 
TRUS following RP to detect local recurrence lies 
mainly in the facilitation of site-directed biopsies 
of the prostatic fossa. Several studies were re- 
viewed by Nelson and Lepor, who found that the 
average positive biopsy rate was 57% [18]. Even if 
this information was used to guide recommenda- 
tions for local salvage radiotherapy, multiple 
studies have shown similar results for salvage 
treatment whether done empirically, in the setting 
of a negative biopsy, or in response to a positive 
biopsy [19-22]. Therefore, TRUS-guided prostatic 
fossa biopsy is not recommended in the routine 
evaluation of biochemical failure following RP 
[18]. 

Currently, the most commonly used imaging 
modality for surveillance following RP is that of 
radionuclide bone scintigraphy, or bone scans. 
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Although routine bone scans are not recommen- 
ded as part of surveillance in the absence of 
biochemical failure, several authors have sug- 
gested that a baseline bone scan may be useful 
[23,24]. The one indication for a bone scan that 
generally is agreed upon is the development of 
bone pain or other symptoms suggestive of skele- 
tal metastases [10,23—25]. In the absence of clinical 
symptoms, however, the value of this test depends 
significantly on the PSA levels at which it is per- 
formed. Cher and colleagues reported on the 
probability of a positive bone scan after RP and 
concluded that bone scintigraphy has little utility 
until PSA values rise above 30 to 40 ng/mL [26]. 
After reviewing 12 studies on bone scintigraphy 
and PSA levels, Nelson and Lepor recommended 
that bone scans are not necessary for asymptom- 
atic patients with a PSA less than 10 ng/mL [18]. 
The 2005 NCCN guidelines suggest a bone scan 
for postprostatectomy patients who have PSA 
values greater than 0.3 ng/mL and rising on two 
or more determinations [10]. The European Asso- 
ciation of Urology (EAU) recommends that bone 
scans may be delayed until PSA levels exceed 20 
ng/mL [15]. Finally, in a recent American Urolog- 
ical Association (AUA) Update, Theodorescu and 
colleagues recommended yearly bone scans for 
PSA levels greater than 20 ng/mL [24]. 

The role of CT scans for surveillance following 
RP is not defined well, but they may have utility in 
patients who have increasing PSA values and no 
documented site of recurrence [27]. Kramer and 
colleagues found that CT scans were positive in 
only 36% of 22 biopsy-confirmed local recur- 
rences; therefore, they did not recommend that 
CT scanning be included in routine follow-up af- 
ter RP [28]. Seltzer and colleagues, however, sug- 
gested some utility of CT scans following RP in 
those patients with PSA values greater than 
4 ng/mL or PSA velocity greater than 0.2 ng/ 
mL/month [29]. The EAU also suggests delaying 
CT scans in asymptomatic patients until PSA 
values exceed 4 ng/mL [15]. There has been little 
reported on the value of MRI for detection of re- 
current disease. In a prospective analysis of 41 
postprostatectomy patients who underwent MRI 
with a transrectal surface coil, however, Silverman 
and Krebs reported 100% sensitivity and 100% 
specificity for the detection of local recurrence 
[30]. Several studies also have demonstrated lim- 
ited value of MRI in the detection of bone metas- 
tases [31,32]. 

PET scanning is another imaging modality that 
has been used with some success for surveillance 


following RP. The major potential role for PET 
scanning is distinguishing postoperative fibrosis 
from residual or recurrent disease after RP, which 
CT is unable to accomplish [33]. Although several 
studies have shown some utility for 18F-fluoro- 
deoxyglucose (FDG) PET scanning in this setting 
[34,35], Hofer and colleagues found that FDG- 
PET was unable to distinguish fibrosis from local 
recurrence following RP [36]. Using the ''C-acetate 
isotope however, Kotzerke and colleagues reported 
positive PET scans in 15 of 18 patients with biopsy- 
proven local recurrence, and negative scans in 13 of 
13 biopsy-negative patients [37]. Another potential 
application for PET scanning could be to localize 
and quantify response to treatment [38]. 

Radioimmunoscintigraphy with the Prosta- 
Scint scan (Cytogen Corp., Princeton, NJ) uses 
a radiolabeled antibody directed against pros- 
tate-specific membrane antigen (PSMA) to detect 
residual local or recurrent disease. Elgamal and 
colleagues compared eight studies, including their 
own, and reported sensitivities of 44% to 92% 
and specificities of 36% to 86% [39]. Likewise, 
Nelson and Lepor found wide variations in posi- 
tive predictive values among nine more recent 
studies [18]. The most clinically useful role for 
ProstaScint scanning may be to exclude those 
with extensive systemic disease on imaging from 
local salvage radiotherapy [18]. Most recommend 
the use of ProstaScint scans only in the setting of 
a persistently elevated or rising PSA level with no 
source identifiable by other imaging modalities or 
TRUS-guided biopsy [27]. 


External beam radiotherapy 


As is the case following RP, the value of 
imaging studies performed following external 
beam radiotherapy (EBRT) depends largely on 
the PSA value, which is the most common sign of 
recurrence [40]. The definition of biochemical fail- 
ure most widely used following EBRT is three 
consecutive increases in PSA, which was proposed 
by the American Society for Therapeutic Radiol- 
ogy and Oncology (ASTRO) in 1997 [41]. Trans- 
rectal ultrasound imaging has been used to 
a limited extent to detect local recurrences follow- 
ing EBRT; however, sensitivity of TRUS alone to 
detect persistent malignancy following EBRT has 
been reported to be approximately 50% [27]. 
Again, TRUS is most useful in guiding biopsies 
in the setting of PSA failure following EBRT. 
The NCCN guidelines recommend biopsy only 
for those with PSA failure who are candidates 
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for local therapy [10]. Likewise, the consensus 
recommendation by ASTRO in 1997 was that post- 
EBRT prostate biopsies not be performed unless 
salvage procedures were being considered [42]. 

In general, bone scans are used following 
EBRT in much the same way as following RP. 
In the setting of PSA failure, bone scans are 
recommended to distinguish residual local disease 
from metastasis [10,40]. Studies of men who have 
newly diagnosed prostate cancer, however, have 
shown that fewer than 10% of bone scans are pos- 
itive in those men with PSA values less than 20 ng/ 
mL and Gleason scores greater than 7, or in those 
with PSA values less than 50 ng/mL and Gleason 
scores less than 8 [43]. Therefore, Catton and col- 
leagues have suggested that bone scans are of little 
value in patients who have very low PSA levels 
[40]. Although there are no specific guidelines 
for the use of CT or MRI following EBRT, the 
NCCN and EUA guidelines suggest that these 
tests may be useful in evaluating PSA failure 
[10,15]. The experience with PET and ProstaScint 
scanning following EBRT is limited. In a large 
multi-center retrospective study of 340 patients 
who underwent ProstaScint scans following 
EBRT, Sodee and colleagues found an association 
between PSA levels and the detection of Prosta- 
Scint activity in the prostate bed [44]. The current 
role of ProstaScint scanning following EBRT, 
however, is not well-defined. 


Brachytherapy 


Following brachytherapy (BT), the American 
Brachytherapy Society (ABS) recommends that 
adequate dose and coverage of the prostate be 
evaluated with postimplant dosimetry [45,46]. 
Post-implant dosimetry may be obtained using 
plain films, CT or MRI, but CT is the recommen- 
ded and most commonly used modality [46,47]. 
The time interval at which dosimetry should be 
performed following brachytherapy is controver- 
sial, ranging from 24 hours to 4 weeks [46]. For 
this reason, the ABS recommends that each insti- 
tution perform postimplant dosimetry at a consis- 
tent postoperative interval, which should be 
specified in the dosimetry report [46]. 

Evaluation of the postvoid residual by ultraso- 
nography has been recommended 6 to 8 weeks 
following BT [24,47]. Although the role of routine 
prostate biopsies following BT is unclear in the ab- 
sence of PSA failure, Theodorescu and colleagues 
recommend the same guidelines be followed as de- 
scribed for post-EBRT biopsies [24]. Likewise, 


bone scans are recommended only in the setting 
of clinical symptoms or PSA failure [24]. 


Cryotherapy 


Routine imaging is not required following 
cryotherapy in the absence of rising PSA values 
[48]. Transrectal ultrasonography and prostate bi- 
opsies, however, often are performed during rou- 
tine surveillance [48]. After cryotherapy, the 
treated prostate appears fuzzy on ultrasound sec- 
ondary to cell death, so TRUS can therefore be 
used to monitor areas not adequately frozen dur- 
ing initial treatment and hypoechoic lesions suspi- 
cious for recurrence [27]. In the event of PSA 
failure, the various imaging modalities previously 
described can be used. 


Renal cell carcinoma 


During 2005, an estimated 36,160 new cases of 
kidney cancer were diagnosed in the United 
States, and an estimated 13,180 people died of 
the disease [1]. Among those treated for localized 
disease, 25% to 50% may develop metastatic dis- 
ease [49-51]. Furthermore, numerous studies 
have suggested that recurrent or metastatic disease 
is most likely to occur within 2 to 3 years of initial 
therapy [52-58]. Given the potential survival bene- 
fit of surgical resection of metastases with or with- 
out immunotherapy in selected patients [59-63], 
close surveillance and early detection of metastatic 
disease are critical. 


Watchful waiting and minimally invasive therapy 


Widespread use of diagnostic imaging such as 
ultrasonography and CT scans has led to an 
increase in the detection of incidental renal masses 
[64]. For many patients who have multiple medi- 
cal comorbidities, watchful waiting has been of- 
fered as an alternative to surgical excision. The 
imaging modality most commonly used for sur- 
veillance is CT, although ultrasounds and MR 
scans also are employed frequently. Although 
there is no consensus recommendation on the fre- 
quency of imaging, intervals of 6 months to | year 
are used most commonly [65-67]. 

In addition to surveillance, patients may be 
offered minimally invasive procedures such as 
cryosurgery or radio frequency ablation (RFA) for 
selected tumors as an alternative to surgery. After 
renal cryoablation, patients have been followed with 
serial MR scans performed within several days of 
the surgery, then at 3, 6, and 12 months, and yearly 
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thereafter [68,69]. The ablated lesions typically 
decrease in size over time. In their series, Gill 
and colleagues routinely obtained a CT-guided bi- 
opsy of the lesion 6 months after treatment and 
considered the lack of enhancement of the cryoab- 
lated tumor as the measure of successful cryoabla- 
tion [68]. After RFA, Matsumoto and colleagues 
reported that successfully treated tumors were 
characterized by lack of contrast enhancement, 
shrinkage, and variable fat infiltration surround- 
ing the ablated tumor [70]. In their series, CT 
scans were performed at 6 weeks, 3 months, 6 
months, and every 6 months thereafter following 
the procedure. In a recent report, McDougal 
and colleagues performed CT scans within 1 
month following RFA, then at 3 months, 6 
months, and at 6- to 12-month intervals thereafter 
[71]. Treatment failure was defined as any lesion 
that enhanced more than 10 to 15 Hounsfield 
units after contrast administration. In both stud- 
ies, MR scans were used for patients who had 
renal insufficiency or contrast allergy. 


Radical nephrectomy 


Recent guidelines for radiologic surveillance 
after radical and partial nephrectomy have fo- 
cused on prognostic factors and their impact on 
disease recurrence to tailor an individualized 
follow-up strategy for every patient. In a study 
of 1864 patients who underwent partial or radical 
nephrectomy, Frank and colleagues suggested 
that commonly used prognostic factors, such as 
stage and grade, were of variable utility in 
predicting metastasis to different sites and sug- 
gested that this information should be used to 
guide follow-up [72]. Given that the most common 
sites of metastasis are lung, bone, and the abdo- 
men, the imaging studies used following treatment 
for renal cell carcinoma focus on these areas. 

Considerable variability exists among the stud- 
ies regarding the percentage of lung recurrences 
detectable by symptoms alone, ranging from 6.7% 
to 74% [53,55—-S7]. The use of chest radiographs 
to detect lung metastasis is therefore common 
among most surveillance protocols, although 
some recommend the use of chest CT because of 
its ability to detect smaller nodules [52]. Sandock 
and colleagues reported that all patients in their 
series with pulmonary metastases had lesions 
identifiable by plain chest radiograph [57]. The 
main area of disagreement with regards to the 
use of chest radiographs is how often they should 
be obtained in patients after treatment for T1 


disease. Although some suggest that chest radio- 
graphs are not needed in the postoperative surveil- 
lance of T1 lesions [56,57,73], most agree that 
a chest radiograph should be obtained every 6 to 
12 months [25,55,58,74,75]. For stage T2 lesions, 
most recommend a chest radiograph every 6 
months for 2 to 5 years, and then annually there- 
after [25,55—57,74,75]. For T3 lesions, several 
recommend obtaining a chest radiograph at 3 to 
4 months postoperatively [25,55,56,75], then every 
4 to 6 months for 3 to 5 years, and then annually 
thereafter [25,55—58,73—75]. Gofrit and colleagues 
recommend that those with tumors larger than 
4 cm should undergo chest CT every 6 months 
for 5 years and annually thereafter [52]. Others 
have developed risk groups based on prognostic 
factors and have made recommendations that 
high-risk patients be followed with a chest CT every 
6 months for 3 years and annually thereafter [54]. 
Currently, however, most recommend chest CT 
only for evaluating an abnormal chest radiograph. 

The other imaging modality commonly used in 
routine surveillance following radical nephrec- 
tomy is abdominal/pelvic CT. Although only 
1.4% to 11% of abdominal metastases are de- 
tected by CT alone in the absence of symptoms or 
abnormal serum studies [55-58], most protocols 
still include scheduled CT scans of the abdomen 
and pelvis with and without intravenous contrast 
based on pathologic stage. Among seven recently 
suggested protocols, only two recommend base- 
line CT scans 3 to 6 months postoperatively for 
all stages [74,75]. While there is agreement that 
CT scans should be performed to evaluate symp- 
toms or abnormal serum studies, only one proto- 
col calls for routine CT scans in T1 disease [74], 
and only two studies recommend scheduled CT 
scans for T2 disease [55,74]. Janzen and colleagues 
recommend that patients designated as intermedi- 
ate risk, including some patients who have T1 and 
T2 disease, undergo CT scans every other year 
[54]. For those patients who have T3 disease, all 
but one study [57] recommend scheduled CT 
scans, with the interval between scans ranging 
from every 6 months to every other year [54— 
56,58,74,75]. Whereas one protocol suggests that 
CT scans do not need to be performed routinely 
after 1 year [56], others recommend that they be 
performed indefinitely [54,58,74,75]. The latest re- 
currence for all stages has been reported to range 
from 84 months to 144 months [52,55—58]. There- 
fore, for those patients with T3 or T4 disease and 
a reasonable life expectancy, surveillance should 
be lifelong. 
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Metastases to the bone or brain are very rare in 
the absence of symptoms or serum abnormalities. 
Several studies have shown that bone scans are of 
little value in the preoperative metastatic evalua- 
tion of patients with renal cell carcinoma [76,77]. 
Furthermore, in three series of patients following 
radical nephrectomy, all patients with bone or 
brain metastases had either symptoms or abnor- 
mal serum studies [55-57]. Therefore, bone scans 
and head CTs are recommended only in the eval- 
uation of symptoms or serum studies suggestive of 
metastasis. 

PET scans also have been implemented in the 
surveillance of postnephrectomy patients with 
considerable success. In fact, the use of PET scans 
has been reported to affect patient management 
in up to 40% of cases [78]. Hoh and colleagues 
demonstrated superior efficacy of PET scans over 
CT scans in monitoring the response to interleukin 
2-based therapy [79]. Ramdave and colleagues 
reported an accuracy of 100% when using PET 
to detect local recurrence or metastasis in a small 
series [80]. In particular, PET was superior to CT 
in differentiating local recurrence from fibrosis or 
necrosis. PET offers an additional advantage 
over CT in that it is a whole body scan, and there- 
fore it may detect metastases that otherwise would 
have been missed. Although the role of PET in 
the surveillance of renal cell carcinoma is still 
evolving, there is potential for future use. 


Partial nephrectomy 


Nephron-sparing surgery has become much 
more common in urologic practice over the last 
decade. Local recurrence rates following partial 


nephrectomy have been reported to range from 2% 
to 10% [81]. Reporting on a series of 327 patients 
who underwent nephron-sparing surgery, Hafez 
and colleagues suggested that patients undergoing 
partial nephrectomy for T1 disease require no post- 
operative imaging [53]. In contrast, they recom- 
mended that patients who had T2 disease undergo 
yearly chest radiograph and CT of the abdomen 
and pelvis with and without contrast every 2 years, 
while those who have T3 disease undergo CT every 
6 months for the first 2 years and every 2 years 
thereafter. Since the study by Hafez and colleagues, 
however, the TNM system has been modified to 
change the definition of T1 tumors from less than 
2.5 cm to less than 7 cm. Therefore, Evans has sug- 
gested that tumors smaller than 2.5 cm need no 
postoperative imaging, while the remainder of T1 
and T2 lesions should be followed postoperatively 
with an annual chest radiograph and CT scan every 
2 years [25]. For those who have T3 disease, abdom- 
inal/pelvic CT and chest radiograph are recommen- 
ded every 6 months for 2 years and every 2 years 
thereafter. As is the case following radical nephrec- 
tomy, bone scans and head CTs are recommended 
following partial nephrectomy only in the evalua- 
tion of symptoms or abnormal serum studies. 

Recommended radiologic surveillance follow- 
ing radical or partial nephrectomy for renal cell 
carcinoma is shown in Table 1. 


Testicular cancer 


Although testicular cancer is a relatively rare 
neoplasm, accounting for approximately 1% of all 
male cancers, it is the most commonly diagnosed 


Table 1 
Recommended radiologic surveillance following radical/partial nephrectomy for renal cell carcinoma 
Disease stage Year | Year 2-5 Year 5-10 > 10 Years 
Stage T1 
Chest radiograph Once yearly Once yearly Once yearly None 
Abdominal/pelvic CT/MRI Baseline 3 mo Once every None None 
postoperatively 2 years 
Stage T2 
Chest radiograph Once yearly Once yearly Once yearly None 
Abdominal/pelvic CT/MRI Baseline 3 mo Once yearly Once every None 


postoperatively 
Stage T3—4 
Chest radiograph Once yearly 
Abdominal/pelvic CT/MRI Once every 
3 months 


2 years 


Once yearly 

Every 6 months for 
years 2-3 then 
once yearly 


Once yearly 
Once yearly 


Once yearly 
Once every 
2 years 


Abdominal/pelvic CT scan with and without intravenous contrast or MRI. 
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malignancy in developed countries among men 
aged 15 to 44 years [82,83]. Testicular germ cell tu- 
mors (GCTs) generally are characterized as either 
seminoma, which in its pure form accounts for ap- 
proximately 35% to 70% of all testicular GCTs, 
or nonseminoma germ cell tumors (NSGCTs) 
[84]. 


Seminoma 


Although stage 1 seminoma classically has 
been treated with radical orchiectomy followed 
by adjuvant retroperitoneal radiotherapy, active 
surveillance in lieu of radiotherapy has become an 
increasingly popular option over the last 20 years. 
This can be contributed in part to the concern 
over an increased risk for second malignancies 
following radiotherapy [85-88] and the high suc- 
cess rates for salvage treatment of recurrence. Sev- 
eral series have evaluated the efficacy of 
surveillance following orchiectomy and reported 
relapse rates ranging from 13% to 19% at a me- 
dian of 13 to 17 months [89-94]. Overall, however, 
surveillance following orchiectomy for stage 1 
seminoma appears to be a reasonable option in 
well-motivated, low-risk, compliant patients who 
wish to avoid the potential morbidity of retroper- 
itoneal radiotherapy. 

Surveillance focuses on detecting subclinical 
disease in the chest and abdomen, and is initially 
very frequent given that most recurrences occur in 
the first several years. The NCCN guidelines 
recommend abdominal/pelvic CT every 3 to 4 
months for 3 years, then every 6 months for years 
4 through 7, then annually thereafter up to 10 
years, with chest radiograph performed at alter- 
nate visits [95]. Others recommend more intensive 
surveillance initially, including chest radiograph 
every l to 2 months in the first year 
[25,74,96,97]. Most agree that CT of the abdomen 
and pelvis should be performed every 3 to 4 
months for the first 3 years and every 6 months 
for several years thereafter [74,95,96]. Although 
some centers choose to perform chest CTs instead 
of chest radiographs, the value of chest CT over 
chest radiograph has been questioned [98], and 
most protocols recommend chest radiograph. 

Because of the lower recurrence rate (3% to 
6%), especially in the abdomen, the follow-up of 
stage 1 seminoma treated with radiotherapy after 
orchiectomy is less intensive than for those on 
surveillance [99-101]. The NCCN guidelines rec- 
ommend chest radiographs every 3 to 4 months 
for 1 year, then every 6 months for 1 year, then 


annually thereafter [95]. A pelvic CT is recom- 
mended every year for 3 years for those who 
have undergone para-aortic radiotherapy only. 
Others recommend chest radiographs every 2 to 
6 months for the first year and every 3 to 6 months 
for years 2 through 5 [25,74,96,97]. Although sev- 
eral protocols recommend annual abdominal or 
abdominal/pelvic CT scans for 3 to 5 years 
[25,96], others suggest that a baseline abdomi- 
nal/pelvic CT may be obtained after radiotherapy 
and only as clinically indicated thereafter [74,97]. 
Again, length of surveillance has not been estab- 
lished, with recommendations ranging from 5 
years [25,96], to 10 years [97], to indefinitely 
[74,95]. 

Stage 2A and 2B seminomas are generally 
categorized together for follow-up purposes. 
Based on recurrence patterns, the NCCN recom- 
mends obtaining a chest radiograph every 3 to 4 
months for 3 years, every 6 months for year 4, and 
annually thereafter [95]. Abdominal/pelvic CT is 
recommended at 4 months following treatment 
and only as clinically indicated thereafter. Theo- 
dorescu and colleagues recommend the same sur- 
veillance for stage 2A/B as for stage 1 following 
radiotherapy, which includes a baseline CT and 
chest radiographs every 2 months for the first 
year, every 3 months for the second year, every 
4 months for years 3 and 4, every 6 months for 
year 5, and annually thereafter [74]. They do, 
however, suggest that CT scans should be per- 
formed every 4 months for 2 years and annually 
thereafter in those who do not receive hockey 
stick pattern radiation. The EAU’s guidelines 
are very similar, with frequent chest radiographs 
for the first 3 to 5 years and a baseline CT after 
treatment [96]. 

Advanced disease (stages 2C/3) is present in 
approximately 25% to 30% of patients with 
seminoma at the time of presentation [102]. Resid- 
ual tumor has been found in up to 30% of post- 
chemotherapy masses 3 cm or greater [103]. 
Given the frequency of residual masses and the 
possibility of viable tumor, close follow-up is war- 
ranted in these patients to monitor for progres- 
sion. For stage 2C and stage 3 disease, the 
NCCN guidelines recommend CT of the abdomen 
and pelvis at month 4 of year 1 [95]. If the CT 
does not show a residual mass, the NCCN guide- 
lines recommend chest radiograph every 2 months 
for year 1, every 3 months for year 2, every 4 
months for year 3, every 6 months for year 4, 
and annually thereafter, with abdominal/pelvic 
CT every 3 months until stable. In the presence 
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of a residual mass, the NCCN recommends ob- 
taining a PET scan. The EAU guidelines and The- 
odorescu. and colleagues recommend more 
frequent chest radiographs initially but CTs only 
as indicated or every 6 months, respectively 
[74,96]. The exception is that when the baseline 
CT reveals a mass of greater than 3 cm, both rec- 
ommend that the appropriate CT should be re- 
peated at 2 and 4 months to verify that the mass 
continues to regress [74,96]. Chest and brain 
CTs are recommended only when there is an ab- 
normality on chest radiograph, or neurological 
symptoms, respectively [74,96]. 

The use of PET scans for surveillance in 
patients treated for germ cell tumors (in large 
part because of its ability to distinguish neoplasm 
from normal tissue based on glucose use) has been 
evaluated by multiple studies. Several limitations, 
however, have prevented PET from gaining wide 
acceptance. Notably, inflammatory and granulo- 
matous tissues can produce false-positive results; 
lesions less than 1 cm are often not detected, and 
mature teratoma is not distinguishable from 
necrotic or normal tissue [104]. Several studies 
have reported limited utility of PET scans in semi- 
noma patients following chemotherapy, citing 
false-positive and false-negative results, and no in- 
fluence on clinical management [105,106]. More 
recently, however, De Santis and colleagues re- 
ported on a prospective multi-center trial of 51 
postchemotherapy patients with metastatic semi- 
noma who were evaluated with CT and PET 
[107]. They reported a specificity, sensitivity, pos- 
itive predictive value, and negative predictive 


Table 2 


value for PET of 100%, 80%, 100%, and 96%, re- 
spectively, as compared with 74%, 70%, 37%, 
and 92%, respectively, for CT. Based on these 
findings, De Santis and colleagues suggest that 
PET scans should be part of the standard protocol 
for surveillance of patients with residual masses 
following chemotherapy for metastatic seminoma, 
because those patients with residual lesions 
greater than 3 cm and negative PET scans may 
be spared from surgery. Although other studies 
have not reported such convincing results, many 
have supported the use of PET as a complemen- 
tary imaging modality for evaluating residual 
masses in seminoma patients, mostly because of 
its superior specificity as compared with CT 
[108-113]. At this point, it seems that PET may 
be a useful adjunct to CT in postchemotherapy 
seminoma patients who have residual masses. 
Recommended radiologic surveillance for semi- 
noma following orchiectomy with or without radi- 
ation or chemotherapy is shown in Tables 2 and 3. 


Nonseminoma 


Most patients diagnosed with NSGCTs pres- 
ent with clinical stage Idisease [114,115]. For these 
patients, treatment options include orchiectomy 
followed by retroperitoneal lymph node dissection 
(RPLND), chemotherapy, or active surveillance. 
Recent studies have shown recurrence rates of 
24% to 30% among those patients on surveillance 
[89,97,116-118]. Still, given that approximately 
70% of patients who undergo RPLND have neg- 
ative lymph nodes [118,119], and the high success 


Recommended radiologic surveillance for seminoma and nonseminomatous germ cell tumors following orchiectomy 
without radiation, chemotherapy, or retroperitoneal lymph node dissection 


Disease Stage Year 1 Year 2-3 


Clinical stage I seminoma™* 
Chest radiograph 


Abd/pelvic CT 
Clinical stage I NSGCT* 


Chest radiograph 


Abd/pelvic CT 


Every 3 months Every 6 months 


Every 3 months Every 4 months 


Every 2 months Every 2 months year Every 4 months year 4, 
2 then every 
3 months 

Every 2 months Every 3 months 
year 2 then every 
4 months 


Year 4-7 > 8 years 


Once yearly Every other year to 
10 years 
Once yearly to 


10 years 


Every 6 months 


Once yearly 
every 6 months year 
5 then once yearly 
Every 6 months year 4 
then once yearly 


Once yearly 


Abdominalpelvic CT scan with and without intravenous contrast. 


Abbreviation: NSGCT, nonseminomatous germ cell tumor. 


* Serum tumors markers should determine when additional imaging is necessary. 
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Table 3 


Recommended radiologic surveillance for seminoma following orchiectomy and radiation and/or chemotherapy 


Disease stage Year | 


Year 2-3 


Year 4-5 > 5 Years 


Clinical stage I and IIA/B* 
Chest radiograph 
Abdominal/pelvic CT 


Every 3 months 

3 mo postoperatively then 
every 6 months 

Clinical stage HC and III 
& relapsed stage I 
and IIA/B* 
Chest radiograph Every 2 months 


Abdominal/pelvic CT Every 3 months 


Every 4 months 
Every 6 months year 2, 


Every 6 months None 
Once yearly None 
then once yearly 


Every 2 months year 2, Every 4 months Once yearly 
then every 3 months 
Every 6 months Once yearly None 


* Serum tumors markers should determine when additional imaging is necessary. 


of salvage chemotherapy, surveillance has become 
an increasingly popular option for well-motivated 
and compliant patients. Those patients with risk 
factors such as the presence of vascular invasion, 
embryonal carcinoma, or high T stage in the pri- 
mary tumor specimen, however, may be served 
better by RPLND. [74] 

The use of chest radiographs and chest CTs in 
the surveillance of stage 1 NSGCT patients has 
been examined in several series. Harvey and 
colleagues reported on a series of 168 patients 
under surveillance for stage 1 NSGCT and 
concluded that routine surveillance chest CTs 
were not necessary [98]. Several series also have 
proposed that routine chest radiographs are un- 
necessary based on their observations that an ab- 
normal chest radiograph is rarely the only 
indicator of recurrent disease [120,121]. This is 
contrary to the results reported by Colls and col- 
leagues, who found that among 248 patients un- 
der surveillance, approximately 5% of 
recurrences were detected by chest radiograph 
alone [122]. The NCCN guidelines for patients 
with stage 1 NSGCT on surveillance after radical 
orchiectomy recommend chest radiograph every 1 
to 2 months for the first year, every 2 months for 
the second year, every 3 months for the third year, 
every 4 months for the fourth year, every 6 
months for the fifth year, and annually thereafter 
[95]. Abdominal/pelvic CTs are recommended ev- 
ery 2 to 3 months for the first year, every 3 to 4 
months for the second year, every 4 months for 
the third year, every 6 months for the fourth 
year, and annually thereafter. Several recommen- 
dations, including the EAU guidelines, propose 
that CTs can be spaced out after the second year 
to once or twice a year [96,97,123,124]. Others 
suggest that abdominal/pelvic CTs may not be 


necessary after year 1 or year 2 unless clinically in- 
dicated [116,121]. Although some suggest that fol- 
low-up may not be needed beyond 4 years [123], 
there appear to be enough reported cases of late 
recurrences to justify surveillance for at least 5 
to 10 years, if not for the lifetime of the patient 
(89,117, 125-128]. 

Several recent series have reported a 10% to 
13% relapse rate for patients with pathological 
stage 1 disease following RPLND [97,118,129]. 
Most relapses were pulmonary and were detected 
within the first year. Only one series reported an 
in-field recurrence, which occurred in one out of 
165 patients (0.6%) [129]. Based on these findings, 
it has been suggested that routine serial abdomi- 
nal/pelvic CTs are unnecessary in the surveillance 
of these patients [97]. Most, however, recommend 
at least a baseline CT at 3 to 6 months after 
RPLND [74,95,97,130], while others recommend 
semiannual or annual CTs for at least the first 2 
to 5 years [25,96]. Recommendations for obtain- 
ing chest radiographs are similar to those for pa- 
tients on surveillance [74,95—97,130]. Patients 
who have clinical stage 1 NSGCT who undergo 
adjuvant chemotherapy instead of RPLND have 
reported relapse rates of 1% to 5%, and the recur- 
rence is often in the retroperitoneum [130]. Al- 
though some suggest that these patients should 
be followed in the same manner as those patients 
on surveillance alone [130], several protocols rec- 
ommend the same schedule as for those patients 
who undergo RPLND [74,95,96]. 

Patients who are found to have retroperitoneal 
disease (stage 2) at the time of RPLND have 
reported relapse-free survival rates of 97% to 
100% when treated with two cycles of adjuvant 
chemotherapy [118,129,131,132]. In contrast, those 
who undergo observation only for pathological 
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stage 2 disease after RPLND have reported relapse 
rates as high as 49% [132]. Because of low recur- 
rence rates, most protocols, including the NCCN 
guidelines, recommend the same follow-up for 
those who undergo adjuvant chemotherapy after 
RPLND for pathological stage 2 as for those with 
pathological stage 1 disease after RPLND [74,95— 
97]. This includes frequent chest radiographs, and 
a baseline CT, with subsequent CTs only as indi- 
cated. It also has been suggested that no imaging 
may be required [130]. On the other hand, those 
who do not undergo adjuvant chemotherapy re- 
quire closer surveillance. Some suggest that CT of 
the suprahilar region and mediastinum should be 
performed every 4 months for the first 2 years 
[130]. Others recommend annual CTs if teratoma 
is found in the retroperitoneum, and semiannual 
CTs in the first 2 years and annually thereafter if 
low-volume disease detected at RPLND is man- 
aged with observation only [74]. Most agree that 
chest radiographs should be performed every 1 to 
2 months for the first 2 years and less frequently 
thereafter for these patients [74,96,130]. Patients 
with clinical stage 2 disease treated with primary 
chemotherapy after orchiectomy have been re- 
ported to have recurrence rates of 11% to 17%, 
and relapse may occur many years after treatment 
[133,134]. Routine CTs therefore have been recom- 
mended every 4 months during the first 2 years and 
annually thereafter [130]. Routine chest radio- 
graphs have been shown to be of little use in these 
patients and are therefore unnecessary [133]. The 
follow-up of patients with stage 3 disease should 
be comparable to that of patients with stage 2 dis- 
ease undergoing observation after RPLND. 

The role of PET in the surveillance of patients 
who have NSGCT is defined even more poorly 
than in patients with seminoma. Although PET 


Table 4 


scans have been shown to accurately identify 
viable tumor in postchemotherapy NSGCT pa- 
tients, it has been unable to differentiate teratoma 
from necrotic or fibrotic tissue [135]. It has been 
suggested that PET may be of most use in patients 
with multiple residual masses, patients with 
marker-negative disease, and those with conflict- 
ing imaging and tumor marker information 
[104,136]. In these patients, PET eventually may 
be useful to determine whether surgery is appro- 
priate, but further studies are needed. 

In a review of the literature, Herr and col- 
leagues reported that the risk of contralateral 
metachronous tumor formation in men treated 
for testis cancer ranges from 1.5% to 3.2% in the 
United States, and up to 5.2% in Europe [137]. 
Although significant controversy exists as to 
whether the contralateral testis should be biopsied 
[137-139], some have recommended including 
routine testicular ultrasonography in the follow-up 
of patients with GCTs [74,140]. 

Recommended radiologic surveillance for 
NSGCTs following orchiectomy with or without 
RPLND or chemotherapy is shown in Tables 2 
and 4. 


Bladder cancer 


Bladder cancer is the second most common 
urologic malignancy behind prostate cancer, with 
an estimated 63,210 new cases in the United States 
in 2005 and 13,180 deaths attributable to this 
malignancy [1]. At the time of diagnosis, approx- 
imately 74% of bladder tumors are superficial; 
19% are invasive, and 3% have distant metastasis 
[1]. Recurrence patterns vary significantly between 
superficial and invasive bladder cancers, and 


Recommended radiologic surveillance for nonseminomatous germ cell tumors following orchiectomy and retroperito- 


neal lymph node dissection and/or chemotherapy 


Disease stage Year | 


Year 2-3 


Year 4-5 > 5 Years 


Clinical stage I and I1A/B* 
Chest radiograph 
Abd/pelvic CT 


Every 2 months 
3 mo postoperatively 
then every 6 months 
Clinical stage IIC and HI 
& relapsed Stage I 
and IIA/B* 
Chest radiograph 
Abd/pelvic CT 


Every month 
Every 3 months 


Every 3 months 
Every 6 months 


Every 3 months 
Every 4 months year 2, 
then 6 months year 3 


Every 4months Once yearly 
Once yearly None 


Every 4months Once yearly 
Once yearly None 


* Serum tumors markers should determine when additional imaging is necessary. 
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follow-up recommendations therefore are primar- 
ily based on pathological stage and grade. 


Superficial bladder cancer 


There is considerable debate regarding the 
necessity of upper tract imaging following treat- 
ment for superficial bladder cancer in the absence 
of clinical symptoms or a positive cytology. Some 
suggest that routine intravenous pyelograms 
(IVPs) do not improve prognosis, are not cost- 
effective, and are therefore not justified in the 
surveillance of patients who have superficial 
bladder cancer [141-145]. Many recommend 
IVPs in those who have risk factors for upper 
tract recurrence, most commonly high-grade dis- 
ease, multifocality, multiple recurrences, or the 
presence of carcinoma in situ (CIS) [146-152]. Still 
others recommend that all patients treated for su- 
perficial bladder cancer should be monitored with 
routine [VPs [25,153—155]. The frequency and du- 
ration of surveillance with IVPs ranges from a sin- 
gle baseline study for low-risk patients to annual 
or semiannual studies for anywhere from 2 years 
up to the life of the patient [25,146-155]. NCCN 
guidelines recommend upper tract imaging every 
1 to 2 years for the lifetime of the patient in those 
with high-grade tumors (grade 3), stage T1, or the 
presence of CIS [156]. 


Invasive bladder cancer 


Following radical cystectomy for bladder can- 
cer, contemporary series report overall recurrence 
rates ranging from 25% to 46%, with local 
recurrences occurring in 5% to 19% of patients, 
distant recurrence occurring in 6% to 22% of 
patients, and combined local and distant recur- 
rence in 8% to 13% of patients [157-168]. Most 
recurrences will be detected in the first 2 to 3 years 
[161,164,169,170]. Relapses most commonly occur 
in the bone, lung, pelvis, and liver [161,163,169] 
and have been reported to be symptomatic in 
26% to 76% of patients [161,163,171]. The most 
commonly reported risk factors for recurrence in- 
clude tumor stage, including lymph node status, 
grade, and the degree to which pelvic lymphade- 
nectomy is performed [157,158,160,161,163,164, 
166,170,172,173]. Metachronous upper tract tu- 
mors have been reported to occur in 2.4% to 
6.6% of patients at a mean interval of 30 to 80 
months after cystectomy [161,163,168,174—179]. 

As with superficial bladder cancer, several 
authors suggest that routine upper tract imaging 
is unnecessary following radical or partial 


cystectomy, and excretory urography should be 
performed only in the evaluation of symptoms or 
a positive cytology [143,145,174,175]. Others have 
suggested that the combination of renal ultra- 
sound and cytology can replace IVPs for evaluat- 
ing the upper tracts [24,144,179]. Although some 
authors recommend excretory urography only 
for high-risk patients [178,180], most investigators 
recommend baseline and annual or semiannual 
upper tract imaging with excretory urography 
for all patients following cystectomy 
[25,146,154,156,161,163,169,176,177]. Most rec- 
ommend that surveillance should be continued 
for the life of the patient. The options for imaging 
of the collecting system include IVPs, CT urogra- 
phy, and MR urography. Although IVPs histori- 
cally have been the standard methodology used, 
preliminary studies have suggested that CT urog- 
raphy may have higher sensitivity in detecting 
small upper tract urothelial lesions than excretory 
urography or even retrograde pyelography [181— 
185]. Likewise, results for MR urography have 
been promising [186-189]. The advantage of 
both CT urography and MR urography over 
IVPs is that the renal parenchyma, collecting sys- 
tem, abdominal contents, and pelvis can be im- 
aged in one study. In addition to detecting 
tumor recurrence, these studies are also very effec- 
tive at demonstrating upper urinary tract compli- 
cations of urinary diversion, such as calculi or 
obstruction, 40% to 85% of which may be asymp- 
tomatic [161,163]. Furthermore, MR urograms 
can be used effectively in patients with contrast al- 
lergies or poor renal function in whom iodinated 
contrast material injection may be contraindicated 
[190]. Disadvantages include the cost and avail- 
ability of these examinations, and a radiation 
risk for CT urography that is 1.5 times that of 
IVPs [191]. Loopography and pouchography 
also have been used to evaluate the collecting sys- 
tem and urinary diversions following cystectomy. 
Recently, however, CT urography has been re- 
ported to be superior to loopography in its ability 
to detect urinary calculi, uroepithelial tumors, and 
extravesicle disease [182]. 

The need for routine abdominal/pelvic CTs 
also has been debated in the literature. Some have 
suggested that CTs are optional in the surveillance 
of patients following cystectomy [144]. In a review 
of 382 patients by Slaton and colleagues, only 
10% of recurrences were detected by CT scan 
alone in the absence of symptoms, abnormal se- 
rum tests, or disease recurrence at another site 
[163]. Of those recurrences detected by CT scan, 
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90% were in patients with pathological T3 dis- 
ease. Based on these findings, they recommended 
that abdominal/pelvic CTs be performed only in 
patients with T3 disease at 6, 12, and 24 months 
after cystectomy [163]. Following a review of 
351 patients, Kuroda and colleagues also sug- 
gested that surveillance should be based on stage 
and recurrence patterns [161]. In their protocol, 
CT is performed 12 months after cystectomy for 
patients with T1 disease; at 12, 24, and 36 months 
for those with T2 disease; and at 4, 8, 12, 18, 24, 
and 36 months for those with T3 disease or 
higher. Other recent protocols recommend a base- 
line study for all postoperative patients, with sub- 
sequent CT examinations in patients with 
nonorgan-confined or high-risk disease every 3 
to 6 months for 2 to 4 years, and annually there- 
after [24,156]. As previously mentioned, CT uro- 
grams offer the advantage of monitoring the 
collecting system, and the abdominal and pelvic 
contents, all in one study. 

Most protocols agree on the necessity of 
routine chest radiographs in the follow-up of 
patients following cystectomy. For stage T1 and 
T2 disease, most recommend chest radiographs 
every 6 to 12 months for 2 to 3 years, and 
annually thereafter [24,25,156,161,163]. For stage 
T3 disease, chest radiographs are recommended 
every 3 to 6 months for the first 1 to 5 years, 
and annually thereafter. 

The use of PET scans in bladder cancer has 
been hampered significantly by the fact that the 
most commonly used radiotracer (FDG) is highly 
excreted in the urine and accumulates in the 


ureters and bladder, making differentiation of 
lesions in the bladder and adjacent lymph nodes 
difficult [38]. Although initial studies with FDG 
PET revealed poor detection of local recurrence, 
distant metastases still were identified accurately 
[192,193]. More recently, a new radiotracer, car- 
bon-11 labeled choline, has shown promise be- 
cause of its minimal urinary tract activity [194]. 
At this time, however, there is no clear clinical in- 
dication for PET scans in the surveillance of pa- 
tients with bladder cancer. Recommended 
radiologic surveillance for superficial bladder can- 
cer and invasive bladder cancer following radical 
cystectomy is shown in Table 5. 


Upper tract urothelial carcinoma 


Urothelial carcinoma of the upper tracts is 
a rare disease, accounting for approximately 5% 
of all urothelial tumors. [195] Among recent se- 
ries, overall recurrence rates have been reported 
to range from 8.7% to 42%, with a median time 
to recurrence of 7 to 18 months [196-203]. Al- 
though authors agree that long-term surveillance 
is required after treatment for upper tract urothe- 
lial carcinomas, there is no consensus on which 
modalities should be used to monitor for recur- 
rence or metastasis. In a study by Chen and col- 
leagues, ureteroscopic cytology with or without 
biopsy was shown to have a higher sensitivity 
for detecting recurrence than retrograde pyelogra- 
phy, bladder cytology, or urinalysis [204]. Based 
on findings such as these, several authors 


Recommended radiologic surveillance for superficial bladder cancer and following radical cystectomy 


Table 5 
Disease stage Year | 
Stage Ta 

CTU/MRU or IVP Once yearly 


Stage T1 
CTU/MRU or IVP 
Organ-confined after 
radical cystectomy 
Chest radiograph 


Once yearly 


Once yearly 


CTU/MRU Baseline 3 mo postop Once yearly 
Non-organ-confined after 
cystectomy 

Chest radiograph Every 3 months 

CTU/MRU Every 3 months 


Year 2-5 


Every 2 years 


Once yearly 


Once yearly 


Every 6 months Once yearly 
Every 6 months Once yearly 


Year 5-10 > 10 Years 


Every 2 years None 


Once yearly None 


Once yearly Once yearly 
Every 2 years Abd US every year 


Once yearly 
Every 2 years & abdominal 
ultrasound every year 


Abbreviations: CTU/MRU, computed tomography urogram or magnetic resonance urogram; IVP, intravenous pye- 


logram; Abd US, abdominal ultra sound. 
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recommend routine ureteroscopic evaluation as 
part of the surveillance program for all patients 
treated endoscopically for upper tract urothelial 
carcinoma [200,202,204—206]. On the other hand, 
many of the recent series reporting on patients 
managed endoscopically or by nephroureterec- 
tomy included only CT urograms, IVPs or ultra- 
sounds in their surveillance programs, with 
retrograde pyelography or ureteroscopy per- 
formed only if indicated by suspicious cytologic 
or radiographic findings [197—-199,207]. Among 
these series, the frequency of imaging ranged 
from every 3 to 4 months for the first 2 years 
and semiannually thereafter, to every 2 years. 
Although there are no clear evidence-based 
guidelines, annual chest radiographs and CT scans 
of the abdomen have been used by some as part of 
routine surveillance to detect distant metastases 
and retroperitoneal recurrence [200,207]. After re- 
viewing the literature, Canfield and colleagues 
have recommended annual chest radiographs and 
abdominal CT scans only for patients with high- 
grade or high-stage disease [195]. For patients 
treated by nephroureterectomy, the EAU recom- 
mends chest radiographs and CTs every 6 months 
for 2 years and annually thereafter for those with 
T2 disease or worse, but imaging only for symp- 
toms in those with Ta or T1 disease [205]. Likewise, 
chest radiographs and CTs are recommended only 
for evaluating symptoms in those patients treated 
conservatively by endoscopic resection. NCCN 
guidelines recommend IVP or CT urography for 
those who have normal renal function, or retro- 
grade pyelogram or MR urography for those 
who have renal insufficiency, and a chest radio- 
graph every 3 to 6 months for those managed con- 
servatively, and every 12 months for those 
undergoing nephroureterectomy [156]. 


Penile cancer 


Penile cancer is the rarest of urologic malig- 
nancies, with an estimated 1470 new cases di- 
agnosed in the United States in 2005 and 
approximately 270 cancer-specific deaths [1]. In 
patients with clinically negative inguinal lymph 
nodes, the strongest predictors for inguinal metas- 
tases have been shown to be primary tumor stage, 
grade, and the presence of lymphatic or vascular 
invasion [208]. There are relatively few recommen- 
dations regarding the use of imaging in the sur- 
veillance of penile carcinoma. Montie and 
colleagues recommended chest radiograph and in- 
guinal CT at 3, 6, 12, and 24 months, with no 


further cross-sectional imaging after 2 years if 
no recurrence is detected [209]. Lynch and Pett- 
away suggest that chest radiograph and CT of 
the abdomen and pelvis should be performed as 
clinically indicated [210]. Sanchez-Ortiz and Pett- 
away proposed a surveillance schedule based on 
risk of recurrence and initial treatment [208]. In 
patients treated with penile-conserving therapy 
or partial/total penectomy without initial inguinal 
lymphadenectomy, CT was recommended only in 
those individuals who were obese or those who 
have had prior inguinal surgery. Chest radiogra- 
phy was recommended at 12 and 24 months 
only in high-risk patients. For those patients 
who undergo initial inguinal lymphadenectomy, 
no imaging was recommended in those patients 
with negative lymph nodes. In those patients 
with positive lymph nodes, however, chest radio- 
graph and CT of the abdomen, pelvis, and ingui- 
nal region were recommended every 3 months for 
the first 2 years, every 4 months for the third year, 
and every 6 months for the fourth year. Thereaf- 
ter, only annual chest radiographs were recom- 
mended if no recurrence is detected. Recently, 
the EAU guidelines on penile cancer recommen- 
ded chest radiograph and CT only for those pa- 
tients found to have positive nodes on inguinal 
lymphadenectomy [211]. Although the EAU rec- 
ommends that the intervals between examinations 
should be determined by each treatment center, 
the suggested protocol includes chest radiograph 
and CT every 2 to 3 months for 2 years, every 4 
to 6 months during the third year, and every 6 
to 12 months thereafter. 
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Adequate exposure is paramount to the success 
of any surgical procedure. During open surgical 
intervention, the choice of incision and retraction 
dictates the quality of exposure. Endo—urologic 
and laparoscopic procedures, however, are de- 
pendent upon high-quality optics, which provide 
the surgeon the exposure necessary for successful 
intervention. For this reason, much of this article 
focuses on imaging, with particular emphasis on 
newer digital cameras and monitor technology. 

Previously, the ability to capture, manipulate, 
and document surgical procedures tended to be 
cumbersome and complex. Yet, the ability to 
document the procedure is essential for educating 
and training resident and postgraduate urologists. 
To this end, the technologic capacity to reproduce 
video and still images in digital or analog form 
remains a challenge. Future developments will be 
instrumental in allowing for more user-friendly 
interfaces. This article addresses many of these 
issues. 

The original design and construction of most 
operating rooms occurred without the minimally 
invasive, endoscopic approach in mind. That is, 
most current operating rooms were designed for 
open surgery. As a consequence, adjustments were 
made to accommodate laparoscopic and mini- 
mally invasive technology. Recent operating room 
designs recognize the fundamental differences 
between open and laparoscopic surgery. Thus, 
specialized rooms are being developed that are 
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much more conducive to consistent and trouble- 
free documentation of urologic procedures. 


Digital imaging 


Numerous recent major improvements have 
enhanced video endoscopic surgery greatly [1-3], 
specifically, the development of how optical infor- 
mation is captured, transmitted, and produced as 
an image. Initially, an optical image is converted 
to an electronic signal [3]. This electronic informa- 
tion, which includes color and light (luminance), is 
transmitted to a video monitor, where it is 
scanned to produce an image on the screen. 

The Standard National Television Systems 
Committee (NTSC) video signal uses a limited 
bandwidth that includes the color and luminance 
information in a single or composite signal. 
Obstacles with this format include signal noise, 
caused by the camera having to first process color 
and luminance information separately and then 
combining both segments of information to create 
a video signal. This video noise or cross-talk may 
be the cause of decreased resolution, resulting in 
grainy images and a loss of information around 
the edges of the video image. Furthermore, this 
video noise will amplify as additional copies of the 
video signal are reproduced. 

Since the introduction of digital imaging, two 
newer video formats have been introduced [4]. 
The first format, called Y/C (Y = luminescence, 
C = color), is a component signal that allows 
the color and luminance information to be carried 
as two separate signals. This component video 
signal, also known as superVHS (or S-VHS), 
contains less cross-talk and therefore appears 
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cleaner and sharper than images generated by 
composite signals. Similar to the NTSC format, 
the video signal in the Y/C format is carried by 
a single cable, although the color information 
and luminance information remain separated. 
The second digital video format is known as 
RGB (red-green-blue). This format is also a com- 
ponent signal. In contrast to the Y/C format, 
however, the video information (color and lumi- 
nance) is separated into four signals: red, green, 
blue, and a timing signal. Additionally, each 
signal carries its own luminance information, 
requiring four separate cables (red-green-blue, 
and sync) in contrast to NTSC and Y/C. The 
separation of each video signal is performed 
electronically in the camera head. In contradis- 
tinction to the NTSC or Y/C format, the RGB 
format requires less electronic processing, because 
the color information and luminance information 
are separate from the onset. Thus, the RGB image 
quality is enhanced greatly compared with the 
other two formats. Although most video monitors 
will accept standard NTSC video formats, a spe- 
cial (and more expensive) monitor is required to 
accept Y/C and RGB formats. Despite the in- 
creased cost, superior image quality will result 
when compared with the standard NTSC format. 
Images and signals in the NTSC format 
(standard analog) are processed as voltages 
(Fig. 1 A). It is therefore inevitable that small er- 
rors in recording and reproducing these voltages 
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accumulate with each generation of the video im- 
age. As a result, multiple copies of an analog im- 
age will reveal a decrease in the quality of the 
video pictures. Conversely, a digital converter 
will change all video signals into precise numbers 
(eg, 0 or 1) in the digital video formats (Y/C and 
RGB) (Fig. 1 B). Conversion to a digital signal 
gives the video image immunity to noise buildup 
or image quality degradation. In addition, image 
processing can be performed to enhance or alter 
the digital video images. Once the video informa- 
tion has been digitized, it can be merged with 
other formats, such as text or audio data, and ma- 
nipulated without any loss of information. 


Video endoscopy 


The development of the digital video endo- 
scope has been a major advance in endoscopic 
systems. The ability to miniaturize chip technol- 
ogy led to the development and incorporation of 
the charged coupled device (CCD) chip into the 
distal end of an endoscope (chip on a stick or 
EndoEye, Olympus America, Melville, NY) 
(Fig. 2). Previously, optical images from the distal 
end of the scope relied on the transmission of that 
image through an internal optical conduit, such as 
fiber optics, to the proximal end of the scope 
where the camera was attached to the eyepiece. 
CCD technology allows the image to be focused 
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Fig. 1. (4) Representation of analog video imaging in which video signals remain as voltage waveforms. Charged cou- 
pled device (CCD). (B) In contrast, digital video systems convert the analog video information to a digital format, which 
must be converted back to analog information before it is viewed on the video monitor. Conversion to a digital signal 
gives the digital video image immunity to noise buildup or image quality degradation. 
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Objective lens CCD 


Fig. 2. Chip on a stick or EndoEye technology. This technological advance allowed for the development of the flexible 


laparoscope. (From Olympus America, Melville, New York.) 


on and immediately captured by the CCD chip, 
whereupon it is digitized and converted into elec- 
trical signals for transmission. This design has the 
benefit of fewer interfaces, allowing the digital in- 
formation to be transmitted directly to an image 
display unit with minimal image loss, interference, 
and distortion [5,6] (Fig. 3). As internal optics are 
not required in the long and flexible shafts of these 
instruments, durable deflection mechanisms can 
be used for the first time in laparoscopy and to im- 
prove the durability of flexible endoscopes [7-9]. 
Additionally, because the signal can be transmit- 
ted without the need to attach the camera head 
to the eyepiece of the scope, the videoscope signal 
can be incorporated into the light cord cable for 
attachment to the video system. This provides 
for a more lightweight and convenient setup. 
This technology has been incorporated into 
larger, rigid endoscopes (laparoscopes) and some 
flexible endoscopes (colonoscopes, broncho- 
scopes, and cystoscopes) [4,10,11]. One can expect 
to see such an integrated digital videoendoscope 
replacing smaller caliber ureteroscopes and cysto- 
scopes in the near future [12]. 

An additional development in digital camera 
technology includes the use of a single mono- 
chrome CCD chip with alternating red, green, and 
blue illumination to form a color image rather 
than using three chips with three separate color 
filters. This application allows further reduction in 
space requirements, while taking advantage of 
high-resolution monochrome CCD chip tech- 
nology [5]. This design is used in a digital 


videocystoscope (Olympus America, Mellville, 
New York). One can expect similar technologic 
innovations to be incorporated into digital laparo- 
scopes also. 


Digital imaging, video documentation, and editing 


Digital imaging is revolutionizing the field of 
videoendoscopy. Despite the initial acquisition of 
image signal in the analog format, technologic 
advances allow conversion to digital format 
through a digital camera or scanner. Further- 
more, the introduction of digital still cameras 
allows image documentation and editing to exist 
at a higher level. As a consequence, newer surgical 
video systems have integrated a digital image 
capture system that allows the immediate captur- 
ing of still images from endoscopic procedures [8] 
(Fig. 4). A less expensive alternative is the digital 
still image capture adapter, which can be con- 
nected to endoscopic camera systems [13]. Digital 
still images usually can be recorded in JPEG (.jpg- 
Joint Photographic Experts Group), TIFF (.tif- 
tagged image file format) or BMP (.bmp-bitmap) 
formats. Using various computer software pack- 
ages, these images may be incorporated into the 
patient’s medical record and used for the creation 
of an image library for the enhancement of one’s 
practice [14,15]. Fortunately, the digital images 
may be stored in different formats depending on 
the quality of image needed for editing. In cases 
where storage is not an issue, the image should 
be obtained at its highest resolution. This process 
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Fig. 3. (4) Traditional rod and lens technology. (B) Videoscope technology. (From Olympus America, Melville, New 


York.) 


allows future use of the highest caliber of image, 
or conversion of the image to a differing format, 
without the loss of quality. For instance, low-res- 
olution images, in the range of 1 to 2 megapixels, 
can be used for E-mail attachments or Power 
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Fig. 4. Still images and short video clips (depending on 
resolution) can be captured on a digital card. Direct dig- 
ital video stream can be captured on a computer, digital 
camcorder, or digital recorder by means of an IEEE 
1394 fire wire connector on the back panel. (From Olym- 
pus America, Melville, New York.) 


Point presentations. Printed images require 
a higher quality image between 3 to 4 megapixels. 
In the past, most video recordings during endo- 
scopic procedures were performed with conven- 
tional analog formats, such as VHS or SVHS, 
which could be digitally converted. Now, with 
the advent of digital video recording devices, 
video footage can be recorded directly into a digi- 
tal format (ie, DV [digital video], MPEG [Moving 
Picture Experts Group] and AVI [audio video in- 
terleave]) (Fig. 5). These video capturing systems 
can be part of an expensive commercial integrated 
video system, DV camera, DVD recorder, or 
a low cost personal computer with digital video 
capture card [16]. Moreover, digital video editing 
may be performed on a personal computer using 
various video editing software (eg, Adobe Pre- 
miere, Adobe Systems Incorporated, San Jose, 
California; Windows Movie Maker, Microsoft 
Corporation, Redmond, Washington). 
Miniaturization of storage devices has resulted 
in the ability to store smaller still digital images 
onto more portable digital storage media (eg, 
SmartMedia, Toshiba Corp., Tokyo, Japan; 
Compact Flash, ScanDisk Corp., Sunnyvale, 
CA; Secure Digital; Multi Media card; and 
Memory Stick, Sony Corp., Tokyo, Japan) up to 
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Fig. 5. Digital capture is possible and increasingly flexi- 
ble, offering the ability to store directly to DVD in all 
forms of MPEG or AVI. Hand devices offer Ethernet 
connectivity, providing video conferencing capability. 
Video capture directly to an 80 GB hard drive is possi- 
ble, as is streaming to computer or video camera by 
means of SVIDEO, IEEE-1394, Serial port. (From 
Stryker Endoscopy, San Jose, California.) 


1 gigabyte. For larger files especially, video clips, 
Zip Disk (up to 750 megabytes [MB]), CD-ROM 
(up to 700 MB), and lately DVD (up to 17GB) can 
be used (Fig. 6). Also, with the introduction of 
portable hard drives, the ability to store over 
300 GB of information is available. Image stor- 
age, however, continues to pose a challenge, espe- 
cially with large volumes of digital files performed 
on the institutional level. Picture archiving and 
communication systems (PACS) are being imple- 
mented to eventually replace the need for hard 
copy films in medical imaging [17-19]. 


Video light sources 


Additional advances in imaging have been 
a result from the use of a high-intensity light 
source, generated from either halogen or xenon 
sources. The ability to adjust light intensity 
using several mechanisms has been a recent ad- 
vancement. For example, certain light sources 
have an automatic light-sensing feature that 
quickly adjusts the light output as required by 


Fig. 6. Miniaturization of storage devices has resulted in 
the ability to store smaller still digital images onto more 
portable digital storage media. 


the camera. This feature becomes particularly 
relevant as the endoscope moves through areas 
of differing volumes, such as the transition from 
the urethra into the bladder, where a greater 
amount of light intensity is needed. In effect, the 
light intensity will adjust automatically to main- 
tain a preselected illumination level. Alternatively, 
some camera systems are equipped with an 
automatic iris system, similar to the human eye, 
which will electronically increase or decrease the 
aperture of the camera. Obviously, if the camera 
system is equipped with such a light-sensing 
feature, there is no need for an automatic light- 
adjusting light source. 

Newer CCDs or image sensor-based endo- 
scopic cameras feature electronic exposure. The 
mechanism of this system works by varying the 
light gathering time interval, or exposure period, 
of the CCD as the image is captured. Typical 
CCD exposure periods range from approximately 
1/60 of a second to 1/10000 of a second under very 
bright conditions. This is an additional mecha- 
nism to maintain the brightness of an image. 
When the image brightness must be reduced to 
improve picture clarity, the image signal exposure 
period can be reduced electronically instead of 
adjusting the iris of the light source. 

The role of shadows and their importance in 
depth perception and spatial orientation have 
been established. Studies have demonstrated that 
endoscopic task performance significantly im- 
proves with video systems that provide proper 
illumination and appropriate shadows in the 
operative field [20]. Currently, many endoscopes 
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employ a simple frontal illumination technique 
that produces an optically flat and shadowless im- 
age. This results in an image with poor contrast. 
Recent innovations in illumination technology 
use single-point or multi-point shadow-inducing 
systems. For instance, one of these techniques em- 
ploys the use of two independent illumination fi- 
ber bundles, with one fiber bundle ending at the 
front lens, as designed in conventional endo- 
scopes, and the other fiber bundle ending behind 
the tip of endoscope. Because of the formation 
of shadows, spatial orientation and perception be- 
tween anatomical structures are enhanced consid- 
erably [21]. 


Image transmission 


Technologic advances continue to emerge in 
the form of data transmission, storage, and 
display. As a result, the ability now exists to 
perform these functions from a workstation in the 
office, hospital, or even from a remote off-site 
location. One limitation to the efficiency of this 
process is the narrow bandwidth of standard 
telephone lines. In simplistic terms, bandwidth 
refers to the capacity of information that can be 
transmitted in a unit of time (eg, bits per second or 
bps). To this end, conduits of data transfer with 
a narrow bandwidth, such as telephone lines, 
restrict data transmission, whereas conduits with 
wider bandwidths, such as fiberoptic lines, en- 
hance data transmission, Thus, attempting to 
transmit data files containing high-resolution 
images or full-motion video over narrow band- 
width conduits may result in the delay or loss of 
data, resulting in poorer resolution images, or 
video files that play at intermittent sequences. 
Additional modes of image transmission are used 
in the communications industry and may be 
applied to the medical workplace. 


Fiberoptic cable 


Fiberoptic cable has the ability to transmit 
significantly more information than standard co- 
axial copper cable, and thus supplants it. For 
instance, one fiberoptic fiber can carry upwards of 
1.7 gigabytes per second. This rate is thousands of 
times faster than data transmitted over standard 
coaxial cable. Because of the physical properties 
of image transference, optical fiber has a lower 
attenuation than coaxial cable and is not subject 
to electromagnetic interference. 

The major advantage of fiberoptics is that 
large amounts of digitized information (eg, video, 


audio, or data) can be transmitted rapidly [22]. 
This increased speed of transmission is especially 
important when dealing with the large amount 
of digital information contained in video images. 
Notwithstanding the prevalence of copper cable, 
it is implicit that the overall advantages of fiberop- 
tic conduits eventually will cause it to become the 
primary mode of transmitting voice and data 
information. 


Wireless local area network 


Recently, wireless local area networks (LAN) 
also known as WiFi, have been introduced in the 
health care setting. Using electromagnetic waves, 
typically in the frequency of 2.4 GHz, these 
networks allow wireless devices to communicate 
with one another through access points or anten- 
nae. This allows a physician to receive data and 
images regarding patient care throughout a hospi- 
tal. Similar to cordless telephones, these WiFi 
devices have a certain range of 100 to 300 m, 
within which they should be operated. The stan- 
dards and specifications of wireless LAN are 
created by the Institute of Electrical and Electron- 
ics Engineers (IEEE). The original WiFi, or 802.11 
b, allowed the transmission of data at a rate of 11 
megabits per second. Currently, however, the 
standard is the 802.11 g, and provides for wireless 
data transmission at speeds up to 54 megabits per 
second. At these transmission rates, digital still and 
video image transmission becomes practical [23]. 

The advantages of a wireless network are, as 
the name implies, the lack of having to install 
a wired network and the ability to communicate 
with mobile users. Initial setup costs and the 
potential need for battery requirements at mobile 
workstations can be a shortcoming for install- 
ment. The interference of wireless devices with 
medical devices also has been a concern. Yet, 
interference has been shown to occur only when 
the medical device was within 10 cm of the LAN 
transmitter [24]. Wireless networks have been used 
successfully to transmit radiographic images for 
interpretation, and to transmit a live broadcast 
of a laparoscopic surgery to handheld computers 
for instructional purposes [25,26]. 


Satellite communications 


Wireless local area networks and fiberoptic 
conduits can provide data transference localized 
to areas accessed by each respective technology. 
Remote areas devoid of antennae for receiving an 
electromagnetic signal of WiFi or lacking 
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fiberoptic cable lines are at a disadvantage, how- 
ever. Despite this, the use of satellite communica- 
tions has allowed the transmission of digitized 
video images to remote areas that are not linked 
by coaxial cable or fiberoptic conduit. Further- 
more, satellite communications currently allow the 
performance of teleconferencing and telemedicine, 
where voice and video images can be transmitted 
to remote sites almost instantaneously. Combina- 
tions of fiberoptic cable and satellite transmission 
systems may one day link distant operating rooms 
to major medical centers, and thereby facilitate the 
performance and teaching of advanced endoscopic 
procedures. Also, instead of a surgeon traveling 
long distances to assist and proctor in remote 
areas, they can guide other surgeons, through 
telepresence surgery, from a central site. 


Video system set-up 
Video cart 


The video cart is an integral component for the 
entire video capturing system that allows one to 
easily transport the documentation system from 
one surgical suite to another (Fig. 7). The video 
cart should have the capacity to hold video camera 
electronics, a light source, and various recording 
devices such as a VCR, printer, or video disc re- 
corder. Moreover, some video carts also will have 
room to hold the laparoscopic insufflator and elec- 
trocautery units. Particular attention also should 
focus on the capability of the cart to hold carbon 
dioxide tanks that will be used during laparoscopy. 
Lastly, one should be able to adequately secure the 
cart during storage to prevent equipment loss. 


Video set-up 


The authors’ conventional operating room set- 
up places the video cart, containing equipment 
pertinent to the individual procedure, directly 
across from the operating surgeon. A second 
high-resolution video monitor will be placed on 
the other side of the table to be used by the 
assistants. If only one video monitor is available, 
it should be placed directly at the end of the 
operating table so that both the surgeon and 
assistant may view it. Recently, with the construc- 
tion of an endoscopic suite, all endoscopic pro- 
cedures at the authors’ institution are performed 
entirely off the video monitor(s). 

In the past, endoscopic surgeons relied on 
mobile video carts to be transported to their 
assigned rooms. A fundamental difference in 


Fig. 7. Video carts (wheeled or suspended, as shown 
here) contain video camera electronics, light source, 
and various recording devices. 


equipment needs and room orientation, however, 
has been recognized between open and endoscopic 
surgery. Consequently, specialized rooms are 
being constructed to provide items such as dedi- 
cated carbon dioxide lines to obviate the need to 
change tanks during an operation. Occupational 
hazards, such as musculoskeletal strain, may be 
related to suboptimal operating room design. 
Studies have demonstrated significant stressors 
to the surgeon induced by laparoscopy. Many of 
these stressors are related to monitor placement, 
camera holding, trocar placement, and table 
position and height [27-30]. Additional features, 
such as ceiling-mounted monitors allow for im- 
proving the ergonomics surrounding minimally 
invasive urologic procedures (Fig. 8). As of yet, 
no prospective study has been undertaken to de- 
termine the effects of these specially designed op- 
erating rooms on musculoskeletal complications. 
Some studies, however, suggest that muscle 
fatigue is related to the poor ergonometric charac- 
teristics of some operating rooms and that at- 
tempts to improve the ergonomics may improve 
overall operating room efficiency [31,32]. 


Three-dimensional video endoscopic/laparoscopic 
systems 


In addition to adequate exposure, stereoscopic 
vision is paramount for precise surgical 
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Fig. 8. Current (future) endoscopic/laparoscopic oper- 
ating room. Ceiling mounted flat panel monitors. 
Built-in endoscopy table with adequate room for laparo- 
scopic applications. Ceiling mounted camera for exter- 
nal footage. Touch panel control allowing for routing 
of different source images on different monitors. Wall 
plug in for C-arm integration with room monitors. 
Wall panel integrating operating room with audiovisual 
center allowing for video capture, integration with con- 
ference rooms, and teleconferencing. (From Duke Uni- 
versity Medical Center, Durham, North Carolina.) 


performance during laparoscopic and endoscopic 
surgery. Most current video endoscopic systems 
provide a two-dimensional, flat image to the 
operating surgeon. Yet, recent advances in imag- 
ing technology allow three-dimensional video 
techniques to be used during laparoscopic surgery 
(Fig. 9). 

Four basic principles of stereoendoscopic im- 
age processing are present in most three-dimen- 
sional video systems: presentation of left and right 
images on a single monitor, image capture, 
conversion of 60 to 120 Hz images, and separation 
of the left and right eyes images [24,33]. A three- 
dimensional system uses two images from the op- 
erating field, similar to human eyes, which are 
transmitted and displayed on the monitor. In do- 
ing so, the images of the right and left cameras are 
alternated rapidly at a frequency of 100/120 Hz to 
display the three-dimensional image. This method 
also is known as sequential display procedure. 
Several image-capturing methods have been 
employed, including the dual-lens system, single- 
lens systems, the electronic videoendoscopic sys- 
tem, and a system of single rod-lenses with two 
beam paths. Displaying a three-dimensional im- 
age may be accomplished with either active liquid 
crystal display glasses or polarizing glasses. In 
both cases, the brain fuses the right- and left-sided 
images on the appropriate imaging site, and in ef- 
fect simulates depth. Based on the physiology of 


retinal image persistence, this technology is quite 
different from normal stereoscopic imaging, 
wherein the two independent images are shown 
to both eyes simultaneously [34]. An additional 
mechanism of three-dimensional imaging is cre- 
ated by mimicking the human eye’s acquisition 
of images, that is, the presentation of two inde- 
pendent images to each eye. The daVinci robotic 
system (Intuitive Surgical, Sunnyvale, California), 
featuring a fixed, head-mounted display, uses this 
technology. 

Comparisons of two- and three-dimensional 
video systems have offered conflicting results in 
experimental and clinical practice. Because of the 
high cost and lack of availability, three-dimen- 
sional systems are not used widely. Furthermore, 
studies have suggested a lack of improved perfor- 
mance from a three-dimensional system and that it 
may be more advantageous to have a higher- 
resolution video system than three-dimensional 
endoscopic image [35-37]. The vast majority of 
three-dimensional imaging system use is during 
laparoscopic, robotic surgical procedures, for true 
stereoscopic imaging [38—40]. Additional prospec- 
tive studies are needed to compare surgical effi- 
ciency and surgeon fatigability from both systems. 


Virtual reality 


Practitioners of any vocation require certain 
skill sets, and endoscopic surgeons are no excep- 
tion. Yet, there often are reduced training oppor- 
tunities available to trainees because of the 
expense, supply, and ethical dilemmas surround- 
ing animal or cadaveric models [41-43]. The abil- 
ity to gain certain basic skill sets from laboratory 
models exists for beginners in laparoscopy; how- 
ever, these skills may not be sufficient to the vari- 
ous clinical scenarios that exist [44]. Additionally, 
inanimate simulators lack the tactile feedback 
available from the living model. 

Technologic advances in virtual reality simu- 
lation (VR) allow an interactive environment that 
simulates through a dynamic, realistic environ- 
ment. Furthermore, VR circumvents the moral 
and ethical dilemmas associated with patients and 
animal models. Advances in computer software 
have allowed VR simulators to more accurately 
reproduce real-life anatomy. The prototypical 
simulator should, as in endoscopic surgery, pro- 
vide two- or three-dimensional spatial cues, shad- 
owing, and tactile feedback. 

Earlier simulators provided a simplistic expe- 
rience for endoscopic procedures such as 
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Fig. 9. Three-dimensional stereoendoscope. Schematic diagram of three-dimensional video imaging system. The two im- 
ages are projected on a screen, and the glasses bring the two together, giving the impression of a three-dimensional im- 
age. Alternatively, the separate images can be presented separately to the left and right eye through a head set. This is 
currently available as part of the DaVinci robotic system and theoretically can be developed by means of a head- 
mounted display. (From www.stereo3d.com, Christoph Bungert, Koenigstein, Germany.) 


ureteroscopy, but lacked true anatomic represen- 
tation and featured inadequate computer graphics 
[41,42,45]. Subsequent advances in computing 
power and VR graphics have resulted in more ad- 
vance simulators (eg, URO Mentor system, Sym- 
bionix, Tel Aviv, Israel). This VR endoscopic 
simulator not only provides more realistic ana- 
tomic projections, but places simulations of most 
urologic procedures in the urologist’s hands. For 
instance, cystoscopy and retrograde pyelograms 
are simulated using a simulated real-time fluoro- 
scopic unit. Additionally, simulation of ureteric 
access and endoscopic procedures are provided, 
including guide wire placement and stone frag- 
mentation and removal. Additionally, studies 
have demonstrated a more rapid acquisition and 
translation of skills by those in urologic training 
when using these simulators [46-49]. Not only 
can trainees be taught novel skills using VR simu- 
lation, but these skills can be tested and validated. 
Studies have demonstrated that endoscopic simu- 
lation can decrease the learning curve in routine 
and complex procedures [43,50]. Because of addi- 
tional software and computer upgrades, VR simu- 
lation also has become more life-like in the 
simulation of laparoscopic surgery [51-54]. Some 
day, one may expect not only to have written 


and verbal examinations to assess ones compe- 
tency, but also a skill assessment using VR 
demonstration. 


Internet and telemedicine 


The combination of electronic and communi- 
cation advancements has allowed patient care to 
sometimes take place from a remote location. 
Telemedicine (defined as patient care from a re- 
mote location) has become a feasible part of 
patient care. Advances in digital imaging, high- 
speed computer connections, and the widespread 
availability of the Internet have allowed a steady 
growth of telemedicine within urology [55]. Digi- 
tal image formats, from simple digital camera im- 
ages to complex images of MRI may be 
transmitted over the Internet. Transmission speed 
varies from 128 kilobits per second (kbps) using 
an integrated services digital network (ISDN) 
line, 1.54 megabits per second (Mbps) using 
a T1 line, 6 Mbps using a coaxial line, and into 
the gigabits per second (Gbps) using optical fiber 
lines [13,14,56]. Two variations of telemedicine ex- 
ist. The first is synchronous and real-time video 
conferencing. In general, real-time motion re- 
quires that images are generated at a speed of 30 
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frames per second [57]. The advantage of live 
video teleconferencing is that it allows real-time 
interaction between physicians and patients with 
full motion audio-visual images, developing 
a true physician—patient relationship. In addition, 
various medical centers can be linked with the 
teleconferencing facility to promote tele-education 
and teleconsultation. With proper equipment, dig- 
ital images, including endoscopic pictures, patho- 
logic slides, and radiographic images also can be 
transmitted in real time. The cost of real-time tele- 
medicine systems and communication networks 
has prohibited its widespread use. As an example, 
some teleconferencing systems can cost more than 
$80,000, not including connection fees that may 
be as high as $800 per month [58]. Studies have 
demonstrated that one could provide high-quality 
high-definition television image-orientated teleme- 
dicine by means of ISDN lines or communication 
satellites. The minimum set-up cost is significant, 
however, at greater than $1,000,000 [59]. 

A second variation of telemedicine exists using 
an asynchronous or store and forward system, 
whereby the information is transmitted by means 
of E-mail or the Internet. At his or her own 
convenience, the recipient may review, respond, 
and store the data transmitted. Current asynchro- 
nous technology also is improving with better 
software development, resulting in a more secure 
transmission of encrypted data over the Internet 
[14]. Notwithstanding the lack of a real-time inter- 
action, asynchronous telemedicine remains effica- 
cious in medical care and training [56]. 

There is a lack of standardization for image 
data exchange in telemedicine. One such input 
format, Digital Imaging and Communications in 
Medicine, exists. No standard exists for other 
digital images such as video clips or still images. 
Consequently, there is a need for the future 
standardization and integration of telemedicine 
hardware [59]. 

Additional challenges for telemedicine include 
standardization of physician licensing, regulation 
of telemedicine, patient confidentiality issues, and 
reimbursement for consultations. 


Laparoscopic applications 


Today, telemedicine, and specifically telesur- 
gery, has arrived. Kavoussi and colleagues proved 
the concept when they published their initial 
laboratory experience with telerobotic-assisted 
laparoscopic surgery [60-65]. On the other side 
of the globe, telesurgery has taken place. In 


Rome, where at the time laparoscopic surgery 
had been recently introduced, five patients under- 
went laparoscopic surgery while surgeons in Balti- 
more proctored the procedures in real time [66]. 
The telemedicine and telesurgical approach may 
afford improved patient care by allowing highly 
experienced surgeons to either perform or partici- 
pate in the more recent and advanced endoscopic 
and laparoscopic procedures. 

Technologic improvements in communication, 
computer processing, image graphics, and oper- 
ating room ergonomics will continue to evolve. As 
the costs of telemedicine decrease, greater use of 
telemedicine should occur. These technical im- 
provements also will result in improvements in the 
training and the performance of endo-—urologic 
and laparoscopic procedures [60,65,67,68]. 
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There have been significant advances made 
over the past decade in imaging the genitourinary 
tract in children. Ultrasound, voiding cystoureth- 
rography (VCUG), and diuretic renography cur- 
rently dominate the radiographic imaging of 
children with urologic complaints or anomalies. 
Prenatal diagnosis of urologic anomalies has im- 
proved with advances in ultrasound technology [1]. 
The use of °°™™°-mercaptoacetyl glycyl? (MAGs), 
greater uniformity in performing the diuretic re- 
nography [2], and SPECT imaging have improved 
the diagnostic quality of nuclear imaging. 

Improvements in CT and MRI now offer 
better adjunctive studies and in some cases a de- 
finitive study. Spiral CT has improved imaging for 
stone disease and tumor staging because of its 
rapidity and reduction in motion artifact and the 
need for sedation. Finally, MRI continues to grow 
as an imaging study for complex anomalies but 
also may have a role in evaluating obstruction and 
infection [3-5]. In this article, the discussion will 
focus on ultrasound, VCUG, and nuclear studies; 
however, the other imaging modalities will be dis- 
cussed when pertinent. 


Imaging modalities in children 
Ultrasound 


Ultrasound is the most commonly performed 
study of the urinary tract. It is performed rou- 
tinely prenatally as a screening tool for congenital 
anomalies, the first study performed following 
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urinary tract infections [6], and the primary study 
of the acute scrotum in many institutions [7]. 
When evaluating the urinary tract, the study 
should include the kidneys and the bladder. Ultra- 
sound images of the kidneys are taken in longitu- 
dinal and transverse views assessing renal length 
(well-established nomograms exist [8]), degree of 
hydronephrosis (using the Society for Fetal Urol- 
ogy grading system [9]), renal scarring (although 
nuclear studies and MRI are more sensitive), 
and the presence of duplication anomalies, cystic 
renal disease, and dilation of the proximal ureter. 
Bladder ultrasound assesses bladder volume and 
the efficacy of bladder emptying and the pre- 
sence of ureteroceles, bladder masses, dilated dis- 
tal ureters, or other abnormalities of the pelvis. 
Testicular ultrasound with Doppler is user-depen- 
dent and requires probe placement over the pain- 
ful area; however, it avoids radiation, is readily 
available, assesses symmetry and architecture, 
and carries sensitivity and specificity similar to nu- 
clear scintigraphy that previously was the stan- 
dard study for evaluating the acute scrotum. 


Contrast voiding cystourethrography 


The second most common study in pediatric 
urology is the VCUG. When properly performed, 
the contrast VCUG provides an excellent view of 
the anatomy and some sense of function of the 
bladder and urethra. The plain film taken before 
catheterization may detect sacral or bony abnor- 
malities, spinal dysraphism, and abnormal bowel 
gas patterns suggestive of a mass effect. Once 
catheterization is established and contrast is in- 
stilled, an early anteroposterior film will visualize 
a ureterocele or bladder tumor best. To evaluate 
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for vesicoureteral reflux, steep oblique images are 
then taken of the bladder and renal fossae just 
before voiding and again during voiding. The 
bladder images also assess bladder emptying and 
urethral anomalies. The urethral catheter need not 
be removed during voiding. Post void films 
complete the study [10]. 


Nuclear imaging 


Kidney 

The static renal scan assesses cortical abnor- 
malities such as infection and scarring using 
°°™Tc-dimercaptosuccinyl acid (DMSA). The di- 
uretic renogram involves intravenous injection of 
a radiotracer that is reabsorbed by the tubules 
(MAG; or DTPA), timely injection of a diuretic 
(furosemide, 1 mg/kg), and bladder catheteriza- 
tion. Hydration (oral or intravenous) before injec- 
tion prevents artificially poor tracer uptake. 
Differential renal function is measured in the first 
2 minutes after initial injection. The reduced back- 
ground activity seen with MAG; has led to its 
preference over DTPA at many institutions. Fi- 
nally, tracer drainage from the collecting system 
is assessed after timely injection of furosemide 
(typically at the peak of tracer uptake or at 20 
minutes after injection of the tracer). The time 
needed for drainage of 50% of the tracer corre- 
lates with the obstructive state of the kidney. 


Bladder 

Radionuclide cystography provides some of 
the information described for contrast VCU with 
less exposure to ionizing radiation but without 
providing adequate anatomic detail. The tracer is 
instilled into the bladder, and the appearance of 
tracer in the area of the renal fossa is evaluated. 
The presence of reflux is graded as mild, moder- 
ate, and severe. The role of radionuclide cystog- 
raphy is more limited than contrast VCUG. 


Scrotum 

99mTc-pertechnetate is injected intravenously, 
and blood flow to the testes is evaluated immedi- 
ately and by delayed images. 


Renal anomalies 
Hydronephrosis 


Renal pelvic dilation is the most common 
ultrasound abnormality of the kidney seen on 
prenatal or postnatal ultrasound [11]. In the pre- 
natal period, dilation of the renal pelvis in the 


anteroposterior dimension is measured in millime- 
ters, with the risk of a significant uropathy in- 
creasing with the time of detection [12] or size of 
the pelvis [13]. In the postnatal period, dilation 
is divided into broader grades such as the system 
offered by the Society for Fetal Urology (Fig. 1). 
In the highest grade, renal parenchymal thinning 
will be seen. Hydronephrosis needs to be distin- 
guished from the normal renal pyramids. The pyr- 
amids are small noncommunicating hypoechoic 
ovoid or round structures that are distributed 
radially around the kidney. They have no relation 
to hydronephrosis, so they will remain present in 
the face of a dilated renal pelvis. 

Hydronephrosis may be primary and either 
obstructive or nonobstructive; or it may be 
secondary to other processes, many of which are 
described in this article. Thus, VCUG is indicated 
to assess for vesicoureteral reflux or other pathol- 
ogy. Diuretic renography is performed to de- 
termine obstruction and differential renal 
function. Some authors advocate for the MRI 
reporting comparable functional and drainage 
information to nuclear scintigraphy but with an 
anatomic image without radiation [4,5]. 


Renal cystic diseases (Fig. 2) 


Multi-cystic dysplastic kidney 

The characteristic findings on ultrasound are 
of multiple cysts of variable size that do not 
communicate and a paucity of renal parenchyma. 
The noncentral location of the largest cyst helps 
to distinguish the multi-cystic dysplastic kidney 
(MCDK) from the severely hydronephrotic kid- 
ney. Notwithstanding this difference, it can be very 
difficult to distinguish between the two entities. 
Documenting the lack of function by nuclear 
scintigraphy using either DMSA or MAG; may 
help to make the distinction. CT or MRI may im- 
prove the imaging of the nature of the parenchyma 
between the cysts. The cysts of a MCDK often 
involute, and the renal unit contracts or disap- 
pears; this phenomenon can be followed by ultra- 
sound. Abnormalities may be found in roughly 
40% of the contralateral kidneys such as duplica- 
tion, hydronephrosis, and obstruction on ultra- 
sound. Because vesicoureteral reflux also can be 
seen into the stump of the MCDK or in the contra- 
lateral kidney, a VCUG is indicated [14]. 


Autosomal recessive polycystic kidney disease 
The diagnosis of autosomal recessive poly- 
cystic kidney disease is made easily on ultrasound. 
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Fig. 1. Renal ultrasound images corresponding to the grades of hydronephrosis according to the Society for Fetal Urol- 
ogy grading system: (A) 0-none; (B) 1-mild pelvic dilation; (C) 2-moderate pelvic dilation (arrow); (D) 3-dilation includ- 
ing calyces, normal parenchyma (arrow); (E) 4-calyceal dilation and parenchymal thinning (arrow). 


Both kidneys are extremely large, reniform, ho- 
mogeneous, and hyperechoic. The hyperechoic 
appearance stems from the return of sound waves 
from numerous interfaces created by the ectatic 
dilated renal tubules. 


Autosomal dominant polycystic kidney disease 
This entity consists of bilateral multiple renal 
cysts of variable size on ultrasound. Early in the 
course of the disease, cysts are fewer in number 
and the renal parenchyma relatively normal with 
respect to corticomedullary differentiation and 
echogenicity. The cysts tend to grow with time 
compressing the renal parenchyma as the pa- 
tients are followed with serial ultrasounds. When 
the cysts are large enough, there may be 


distortion or compression of the renal pelvis. 
Hemorrhage into a cyst is imaged best by CT or 
MRI. 


Unilateral renal agenesis 


Unilateral renal agenesis can be suspected on 
plain film on which bowel occupies the renal 
fossa. Otherwise, the diagnosis is suspected by 
an empty renal fossa on ultrasound. The diagnosis 
needs to be confined by DMSA, MRI, or CT 
where no functioning renal tissue is found in the 
abdomen and pelvis (or rarely, the chest). VCUG, 
either contrast or radionuclide, is indicated be- 
cause of the high incidence of associated vesi- 
coureteral reflux [15]. 
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Fig. 2. Renal ultrasound of cystic disease. (A) Multi-cystic dysplastic kidney (MCDK) with cysts of variable size with the 
largest cyst noncentrally located. (B) Autosomal-recessive polycystic kidney disease (ARPCDK) in neonate with large 
very echogenic kidney (arrow). (C) Autosomal-dominant polycystic kidney disease (ADPCDK) in child with variable 


cysts (arrows), adequate parenchyma. 


Renal ectopia 


The location of the kidney outside of the renal 
fossa can be found on ultrasound, IVU, CT, or 
MRI. The fused ectopic kidney can be found by 
ultrasound, but CT or MRI allow for better imag- 
ing of the malrotation. The horseshoe kidney 
(Fig. 3) can be suspected by ultrasound in which 
both kidneys are positioned caudal to their usual 
position and there is evidence of malrotation. Be- 
cause these kidneys are at risk for uretopelvic 
junction (UPJ) obstruction, ultrasound will detect 
hydronephrosis. The isthmus between the two 
kidneys may have renal function, and this can 
be evaluated by nuclear scintigraphy (DMSA or 
MAG;). Serial ultrasounds are performed to 
screen for Wilms’ tumor. A suspected mass is 
imaged better by CT or MRI. 


Ureteropelvic junction obstruction 


Hydronephrosis can be detected by ultrasound 
(Fig. 4), CT, MRI (Fig. 5), or IVU. Most cases are 


detected by ultrasound either prenatally or after 
a urinary tract infection. This will be used as 
a starting point to discuss the Society of Fetal 
Urology grading system. When UPJ obstruction 
is suspected, the ultrasound demonstrates a cen- 
trally located hypoechoic area of considerable 
size extending and possibly blunting the calyces 
(grade III). The parenchyma of the kidney may 
be compressed and thinned compared with the 
contralateral kidney (grade IV.) When there is in- 
termittent obstruction and flank pain, the grade of 
hydronephrosis may appear less impressive than 
expected [16]. 

Once hydronephrosis is detected by ultra- 
sound, its obstructive nature must be established. 
The gold standard for this diagnosis remains the 
diuretic renogram using MAG; or DTPA. 
Greater standardization of this study has reduced 
the confounding variables associated with its in- 
terpretation. The study allows the assessment of 
relative renal function and the washout of the 
tracer following the administration of furosemide. 
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Fig. 3. Sonogram of a horseshoe kidney demonstrating 
caudal location of malrotated and fused kidneys. Spine 
(arrow), right kidney (arrowheads). 


In conjunction with appropriate drainage curves, 
the t 4 value of >20 minutes establishes the 
presence of obstruction. 

In infants and young children, the cause of 
UPJ obstruction is commonly an intrinsic narrow- 
ing of the ureter. In older children, however, as in 
adults, the presence of blood vessels feeding the 
lower pole of the kidney may cross anterior to the 
ureter at a similar location, kinking the ureter and 
causing symptoms. The presence of crossing 
vessels is established best by retrograde pyelo- 
gram, where a linear filling defect is identified 
consistently. Direct imaging of the vessels and 
their course can be accomplished by CT [17] with 
contrast or by MRI. 
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Collecting system duplication (Fig. 6) 


The presence of a duplicated collecting system 
is very common [18]. Most children live out their 
lives without knowledge of this anomaly. Most in- 
consequential duplications are discovered inciden- 
tally on prenatal ultrasound or later in life when 
abdominal imaging is performed for nonurologic 
reasons. Duplication, however, can be clinically 
significant in cases of ureterocele, ectopic ureters, 
UPJ obstruction, or reflux, all of which are asso- 
ciated with duplication. These duplications also 
may be discovered during prenatal ultrasound or 
after the entities have become clinically 
significant. 

Ultrasound must include both renal and blad- 
der images to best document the nature of the 
duplication. In the simplest case, renal ultrasound 
identifies two central echogenic foci separated by 
a bar of renal parenchyma of normal echogenicity, 
absence of hydronephrosis, and nonvisualization 
of the proximal ureters. The bladder is normal in 
thickness, distension, and contour, and the distal 
ureters are not visible. The situation becomes more 
complex as the ultrasound identifies hydroneph- 
rosis in the upper or lower pole collecting system, 
dilation and possible tortuosity of the proximal or 
distal ureters, upper pole scarring or dysplasia 
(shrunken hyperechoic region), or ureterocele. 

The performance of VCUG and diuretic reno- 
gram supplements the ultrasound. Vesicoureteral 
reflux most commonly is associated with the lower 
pole of the duplication and is graded using the 
International Grading System [19]. The lower pole 
is also more likely to sustain a UPJ obstruction, 
while the upper pole most commonly is associated 


Fig. 4. Child with uretopelvic junction (UPJ) obstruction. (A) Ultrasound demonstrates grade three left hydronephrosis 
and maintenance of parenchyma. (B) Diuretic renogram with °°"'°-mercaptoacetyl glycyl? (MAG3) demonstrates ade- 
quate differential function and minimal drainage response of the left kidney after the administration of furosemide 


(arrows). 
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Fig. 5. MR urogram in the T2 phase demonstrating nor- 
mal renal and ureteral anatomy (left) and bilateral ure- 
teral-pelvic obstruction (right). (Courtesy of Andrew 
Kirsch, MD) 


with obstruction at the distal ureter. The drooping 
lily is the most notable radiographic sign of an 
obstructed upper pole duplication, producing the 
downward and lateral displacement of the lower 
pole on IVU. Other radiographic signs of duplica- 
tion include: fewer than expected calyces, particu- 
larly of the upper pole, displacement of the ureter 


away from the tips of the transverse processes, 
and misalignment of the renal axis along the 
psoas. The VCUG, when properly performed us- 
ing a nonballooned catheter, dilute contrast, and 
the acquisition of early filling voiding images, 
will identify a ureterocele and any associated re- 
flux; it may intimate or identify the location of 
an ectopic ureteral orifice when there is reflux dur- 
ing the voiding phase. The washout curves and 
images from a diuretic renogram can assess ob- 
struction from the lower pole when UPJ obstruc- 
tion is suspected, or the upper pole when there is 
ureteral ectopia or an associated ureterocele. 


Stones 


Calculi in the kidney or ureter are seen best on 
ultrasound and noncontrast CT (Fig. 7). Ultra- 
sound is useful in detecting medium-sized or large 
stones. They appear as echogenic foci with poste- 
rior shadowing. The shadowing helps to distin- 
guish the stone from fat, or blood vessels. When 
stones are small, they may be difficult to identify 
or to determine whether the stone is actually 


Fig. 6. Renal duplication. (A) Ultrasound of duplication without any hydronephrosis demonstrating two central echo- 
genic foci separated by a bar of normal renal parenchyma (arrow). (B) Duplication with hydronephrosis only of the 
lower pole (arrow). (C) Voiding cystourethrogram (VCUG) demonstrates vesicoureteral reflux into the lower pole col- 


lecting system without contrast in the upper pole (arrows). 
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Fig. 7. Noncontrast CT demonstrates large stones in the 
pelvis of both kidneys (arrows). 


two smaller stones in close proximity. Hydroneph- 
rosis behind the stone often can be seen. 
Noncontrast CT using narrow (3 to 5 mm) 
slices is the most sensitive imaging study for 
urolithiasis [20]. It accurately assesses stone loca- 
tion, size, number, and associated hydronephro- 
sis. The spiral CT allows for imaging to occur 


A 


Fig. 8. Pyelonephritis. (A) °°"Tc-dimercaptosuccinyl 
acid (DMSA) scan of child hospitalized with clinical py- 
elonephritis. In this prone view, note the poor uptake of 
tracer in the upper pole of the left kidney. (B) Wedge- 
shaped area of left kidney with poor uptake and low at- 
tenuation on CT (arrow). 


with speeds that dispense with the need for seda- 
tion in children. CT is more useful than ultra- 
sound in documenting bladder stones, especially 
in the augmented bladder, where small stones 
may hide among the folds of bowel. 


Pyelonephritis 


Radiographic signs of pyelonephritis can be 
seen by all imaging modalities. 

The static renal scan is performed using 
DMSA. This agent binds to the proximal convo- 
luted tubule and therefore assesses cortical abnor- 
malities such as infection and scarring and 
differential renal function. Images in the anterior, 
posterior, and oblique views are taken several 
hours (2 to 4 hours) after intravenous injection of 
the DMSA (Fig. 8). Differentiation of cortical 
scarring from acute infection requires DMSA im- 
aging at least 4 months after the last acute infec- 
tion. MRI has been shown to differentiate 
cortical scarring from infection by comparing T1 
and T2 weighted images obtained before gadoli- 
nium injection with T2 weighted images and fast 
spin echo inversion recovery images following ga- 
dolinium injection (Fig. 9) [3]. Ultrasound find- 
ings of pyelonephritis include increased renal 
size and heterogeneous architecture secondary to 
edema and pelvic dilation, all of which typically 
resolve after treatment. Contrast CT will demon- 
strate wedge-shaped segments of low attenuation 
that radiate to the surface from the collecting 


Fig. 9. Pyelonephritis as imaged by MR. This is a T2 
weighted image with inversion recovery sequence. There 
is persistence of signal in the wedge-shaped upper and 
lower poles of this left kidney (arrows). 
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system. There also will be mild hydronephrosis, 
enlarged size, and delayed uptake of contrast 
and transit into the collecting system. 


Renal vein thrombosis 


Diagnostic imaging of the kidney with sus- 
pected renal vein thrombosis is best performed by 
ultrasound or CT and nuclear scintigraphy. Ul- 
trasound of the kidney during the acute phase will 
reflect edema with increased renal size and loss of 
corticomedullary differentiation. The parenchyma 
is hypoechoic early on but becomes hyperechoic 
with fibrosis. Thrombi in smaller vessels are seen 
as radiating linear echogenic bands in the paren- 
chyma. Lack of function is confirmed by nuclear 
scintigraphy. CT demonstrates enlarged edema- 
tous heterogeneous kidneys with poor uptake of 
contrast. In later phases, atrophy may be docu- 
mented by all three studies, and calcifications may 
be seen in the area of the thrombi. 


Ureteral anomalies 
Megaureter 


Megaureter, as indicated by the name, reflects 
a wide ureter (greater than 7mm). The cause of 
megaureter has been divided into refluxing, ob- 
structive and nonrefluxing, nonobstructive, or 
primary megaureter. The radiographic findings 
associated with each of these categories correlates 
with the names. Once ultrasound defines the 
presence of a dilated ureter, the categorization 
continues with a contrast VCUG looking for 
dilating vesicoureteral reflux that is congenital or 
secondary to posterior urethral valves, ureterocele, 
or functional voiding disorders leading to elevated 


bladder pressures. In the absence of reflux, the 
obstructive nature of the megaureter is evaluated 
by diuretic renogram (t4 >20 minutes). If the 
degree of reflux raises the suspicion of obstruc- 
tion at the UPJ or the prospect of there being 
obstruction and reflux, then the radionuclide study 
is indicated to evaluate for obstruction. If the cause 
of the obstructive megaureter is not determined by 
these imaging studies, IVU, MRU [21], or CT can 
be used to provide greater anatomical detail and re- 
veal the presence of a congenital stricture, ureteral 
valve, or the location of an ectopic ureteral orifice. 
In cases of megaureter in which surgery is not indi- 
cated or is being held in reserve, the child is followed 
with serial ultrasound and other studies when indi- 
cated. In cases of refluxing megaureter, VCUGs are 
performed until resolution, either spontaneous or 
surgical. 


Ureterocele 


As in other conditions that have been de- 
scribed, the triumvirate of renal and bladder 
ultrasound, VCUG, and diuretic renography con- 
stitutes the radiographic evaluation of the child 
with a ureterocele. The variable effect of ureter- 
oceles is reflected on the imaging studies (Fig. 10). 
Bladder ultrasound [22] is effective in diagnosing 
the presence of the ureterocele, a round, thin- 
walled, cystic structure of variable size at the blad- 
der base; the dilated ureter leading into this cystic 
structure often can be seen also. The ureter will be 
dilated if the ureterocele retards the passage of 
urine, obstruction at its extreme, or is associated 
with reflux. The contralateral ureter may be di- 
lated if the ureterocele impinges on the contralat- 
eral orifice impairing the passage of urine, 
undermines the integrity of the antireflux 


Fig. 10. Ureterocele seen on ultrasound (A) as cystic mass along floor of the bladder and by early images of VCUG 
(arrow) (B) as filling defect (arrow). This VCUG image could be confused with the balloon of a Foley catheter. 
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mechanism, or obstructs the bladder outlet, caus- 
ing elevated bladder pressures. This discussion 
also applies to hydronephrosis seen on ultrasound 
in the ipsilateral or contralateral kidney to the 
ureterocele. The other important parameter evalu- 
ated by ultrasound is the nature of the collecting 
system, whether single or duplicated. 

VCUG is important for proper documentation 
of the ureterocele. When suspected by ultrasound, 
dilute contrast and early imaging can avoid missing 
the ureterocele by obscuring it with dense contrast 
or effacement of the ureterocele by bladder disten- 
sion. The ureterocele appears as a filling defect of 
variable size within the bladder. The everting 
ureterocele (Fig. 11) appears to be outside of the 
bladder and can be confused with a bladder diver- 
ticulum [23]. Vesicoureteral reflux may be seen in 
the ipsilateral lower pole system or the contralat- 
eral kidney. VCUG is important postoperatively, 
especially after cystoscopic puncture, where iatro- 
genic reflux is the most common complication. 

The diuretic renogram will determine the dif- 
ferential renal function and the drainage patterns 
before and after the administration of furosemide. 
The regions of interest should separate out each 
renal moiety. As previously discussed, drainage of 
one half of the nuclear activity from the system in 


Fig. 11. VCUG of an everting ureterocele. This image 
was taken late in the VCUG and was confused with a di- 
verticulum (arrow). The ureterocele was not seen on the 
early images of the VCUG. 


over 20 minutes defines the presence of obstruc- 
tion, while drainage in under 10 minutes defines 
the absence of obstruction. In the presence of 
postoperative hydronephrosis, the diuretic reno- 
gram is useful in assessing surgical success. 

Although IVP is performed less commonly 
today, there are classic findings of ureteroceles 
on IVP that should be presented. The cobra head 
(Fig. 12) or spring onion deformities are seen 
when the radiolucent wall of the ureterocele sur- 
rounds the ureterocele filled with contrast. The 
drooping lily represents the downward and lateral 
displacement of the lower pole system by the hy- 
dronephrotic obstructed poorly functioning upper 
pole system. 


Bladder anomalies 
Vesicoureteral reflux 


Vesicoureteral reflux is detected commonly 
following an abnormal prenatal renal ultrasound 
or during the evaluation after a urinary tract 
infection. Ultrasound, prenatal or postnatal, may 
demonstrate various degrees of hydronephrosis or 
hydroureteronephrosis. The degree of hydroneph- 
rosis does not necessarily correlate with the grade 
of vesicoureteral reflux [24]. Despite this fact, re- 
nal ultrasound often is employed as a screening 
tool among older siblings of probands with reflux. 
If there has been scarring associated with reflux 
and urinary tract infections, the ultrasound is 
a poor study except in advanced scarring, where 
an irregular renal contour, loss of corticomedul- 
lary differentiation, or a contracted kidney may 
be seen. The presence of the scars and dysplasia 


Fig. 12. IVU demonstrating the classic cobra head of 
a ureterocele (arrow). 
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is documented best by DMSA scan where areas of 
decreased uptake of tracer will be seen, and signif- 
icant differences in differential function might be 
seen. 

The demonstration and grading of reflux still 
is made best by contrast VCUG (Fig. 13). Cycli- 
cal VCUG, in which repeated filling and empty- 
ing occurs, may increase the sensitivity of the 
study to detect reflux. Grading is assessed ac- 
cording to the International Reflux Study Grad- 
ing System (I to V). In addition, assessing the 
degree of ureteral dilation assists in surgical con- 
siderations. The VCUG also allows for the eval- 
uation of bladder and urethral anatomy. 
Radionuclide VCUG (Fig. 14) is suited best for 
cases in which anatomic considerations are not 
at issue, such as after surgery, in follow-up stud- 
ies of children on prophylactic antibiotics, and in 
screening of siblings without urologic com- 
plaints. The grading of reflux after radionuclide 
VCUG is less specific (ie, mild, moderate and 
severe). 


Neurogenic bladder 


Imaging of the neurogenic bladder is primarily 
by VCUG and ultrasound. The plain film taken at 


the start of VCUG may demonstrate the dysra- 
phism responsible for the child’s bladder problem. 
VCUG will demonstrate bladder trabeculations, 
sacculations, and diverticulae. In more severe 
cases, the Christmas tree bladder (Fig. 15) may 
be characterized by a vertical orientation and mul- 
tiple diverticulae. Any associated reflux will be 
documented. Ultrasound will demonstrate blad- 
der wall thickening, associated hydronephrosis, 
or hydroureteronephrosis caused by reflux or 
high bladder pressures. Both studies will provide 
information regarding the postvoid residual and 
thus the bladder’s ability to empty. 


Bladder diverticulum 


Bladder diverticulae occur in several settings 
[25]. Congenital out-pouching occurs posteriorly 
and can grow larger than the bladder. Hutch (par- 
aureteral) diverticulae are congenital, variable in 
size, and may lead to reflux or prevent its sponta- 
neous resolution. Finally, smaller, multiple diver- 
ticulae may reflect high bladder pressures 
suggestive of bladder outlet obstruction (posterior 
urethral valves, urethral obstruction, detrusor— 
sphincter discoordination) or neurogenic bladder 


Fig. 13. (4) VCUG demonstrates the absence of vesicoureteral reflux in a smooth bladder and normal urethra. Inter- 
national Reflux Study grade | (B), grade 3 (C), and grade 5 (D) of reflux are demonstrated. 
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Fig. 14. Radionuclide cystogram demonstrates tracer 
only of the bladder (A) and into the collecting system 
consistent with moderate reflux (arrow) (B). 


dysfunction. Ultrasound may demonstrate blad- 
der wall thickening but can miss identifying diver- 
ticulae unless they are substantially larger. In the 
largest ones, distinguishing bladder from divertic- 
ulum can be challenging. Diverticulae 


Fig. 15. Christmas tree bladder in child with neurogenic 
bladder dysfunction from myelomeningocele. The blad- 
der is irregular, elongated in the vertical axis, and stud- 
ded with diverticulae. 


are documented well by VCUG. Bladder trabecu- 
lations, small diverticulae, and sacculations may 
be seen. Hutch diverticulae and the associated re- 
flux will be documented by VCUG. In the case of 
large diverticulae, anatomical considerations can 
be made and an assessment of the emptying of 
the diverticulum (Fig. 16). 


Urethral anomalies 
Posterior urethral valves (Fig. 17) 


To define the effect of posterior urethral valves 
(PUVs), one needs to employ renal and bladder 
ultrasound, VCUG, and often nuclear scintigra- 
phy. On ultrasound, hydronephrosis of all grades 
or hydroureteronephrosis may be seen. If there is 
renal damage, the ultrasound may demonstrate 
parenchymal thinning, hyperechoic kidneys and 
loss of corticomedullary differentiation, or cystic 
changes. Bladder wall thickening may be seen re- 
flecting detrusor hypertrophy. In the prenatal ul- 
trasound, oligohydramnios can be seen in 
addition to bilateral hydronephrosis, normal- 
to-hyperechoic renal echotexture, thick-walled 
bladder, and a dilated prostatic urethra [26]. The 
diagnosis of PUV is made by contrast VCUG 
and is characterized proximally to distally by a rel- 
atively narrow bladder neck secondary to bladder 
neck muscular hypertrophy, dilation and elonga- 
tion of the posterior urethra, and an abrupt 
change in caliber at the external sphincter. 
VCUG also can demonstrate the irregular bladder 
wall consistent with trabeculations, diverticulae, 
and bladder wall thickening that occurs in re- 
sponse to the obstruction. Vesicoureteral reflux 
may be present. Diuretic renography will docu- 
ment the differential renal function and assess uri- 
nary drainage. In some cases, bladder wall 
thickening and elevated bladder pressures will im- 
pede the flow of urine to the bladder, and obstruc- 
tion will be documented by the MAG; washout 
curves. When there are urine collections outside 
of the kidney secondary to forniceal rupture, ul- 
trasound and CT are excellent imaging studies. 


Other urethral anomalies (Fig. 18) 


Anterior urethral valve 

The anterior urethral valve is a rare anomaly 
that is often obstructive. It may be found any- 
where along the anterior urethra (penoscrotal, 
bulbar, or penile urethra portions). A contrast 
VCUG is best at defining the valve’s location 
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Fig. 16. VCUGs demonstrating (A) Hutch, paraureteral bladder diverticulum in child with vesicoureteral reflux (arrow); 
(B) a large diverticulum (asterisk) similar in size to the native bladder. 


and extent and any associated reflux. The valve 
typically appears as a linear filling defect ventrally 
with urethral dilation proximally and a narrowing 
distally or as an abrupt change in caliber. Another 
appearance is urethral dilation into a smooth 
bulge within the urethra. When there is obstruc- 
tion, renal ultrasound may detect hydronephrosis 
or hydroureteronephrosis. 


Fig. 17. Neonate with posterior urethral valves con- 
firmed and treated cystoscopically. The ultrasound dem- 
onstrates thickened bladder with dilated posterior 
urethra and bilateral hydroureteronephrosis. The 
VCUG demonstrates irregular-shaped bladder with di- 
lated posterior urethra and sudden change in caliber at 
the location of the valve (arrow). 


Megalourethra 

Megalourethra is another rare urethral anom- 
aly best detected by contrast VCUG. The more 
common scaphoid variant caused by deficiency of 
corpora spongiosum appears during the voiding 
phase as boat-like urethral dilation, while the rare 
fusiform variant caused by deficiency of corpora 
cavernosum appears as a long floppy dilated 
urethra. 


Urethral duplication 

Urethral duplication may be complete or in- 
complete. A classification system has been pro- 
posed that correlates with the findings on VCUG 
[27]. 


Urethral diverticulum 

The anterior urethral diverticulum forms ven- 
trally along the penile urethra. On contrast 
VCUG, one sees an oval saccular-shaped collec- 
tion of contrast along the ventral urethral sur- 
face. In some cases, sufficient amount of contrast 
enters into the diverticulum and may distend 
enough to compress the urethra and lead to 
obstruction. 


Prostatic utricle 

Prostatic utricle is a midline out-pouching 
emanating from the area of the verumontanum. 
These are typically small but can be large and 
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Fig. 18. Urethral anomalies. (4) VCUG demonstrates contrast traveling through a complete urethral duplication (two 
arrows). (B) Another VCUG demonstrates a saccular type megalourethra. 


require more advanced imaging such as CT or 
MRI to better delineate position. 


Cowper's duct cyst 

Cowper’s duct cysts are also known as syrin- 
goceles. There may be out-pouching at the level of 
the bulbar urethra or a filling defect ventrally on 
VCUG. 


Testicular anomalies 
Intersex 


The goal of imaging children with ambiguous 
genitalia is to document the presence or absence 
of gonads and Miillerian structures. In a palpable 
gonad, ultrasound may distinguish testicle from 
ovary by its oval shape, larger size, and the 
presence of an epididymis. An ovary is more 
echogenic and may have follicular cysts. Ultra- 
sound is not as reliable as MRI to evaluate the 
presence or nature of an intra-abdominal gonad. 
Ultrasound, MRI or genitogram may image 
Miillerian structures. Pelvic ultrasound may de- 
tect the a uterus when it is not a rudimentary 
structure and otherwise difficult to find. In female 
pseudohermaphroditism, the uterus can be iden- 
tified as an oval echogenic structure with fluid in 
the center along with a prominent endometrial 
stripe (longitudinal image). Indentation of the 
vagina by the cervix also may be seen. 

The genitogram (Fig. 19) is important, al- 
though the role of MRI is growing. The genito- 
gram may document the size and shape of the 
vagina, the site of confluence between the urogen- 
ital sinus and the vagina. It also may identify the 
cervical impression at the vaginal apex. Patience 


and diligence are paramount to performing 
a high-quality genitogram. The genitogram is per- 
formed best by occluding the very distal portion 
of the urogenital sinus and injecting contrast. As 
part of a VCUG, retrograde filling of the vagina 
may occur during the voiding phase, yielding ade- 
quate information. 


Acute testicular pain 


The acute scrotum is assessed best by ultra- 
sound with Doppler or by nuclear scintigraphy. 
Ultrasound (Fig. 20) will assess the symmetry, 


Fig. 19. A flush genitogram of a child born with ambig- 
uous genitalia demonstrating bladder (arrow) and vagi- 
nal compartments (arrowhead). 
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Fig. 20. (A) Testicular ultrasound of a child with acute 
testicular pain. Doppler flow is absent on the side of clin- 
ical concern for testicular torsion (arrow). (B) In the sec- 
ond child, there is increased flow consistent with 
inflammation on nuclear scintigraphy. 


architecture, and perfusion of the testicles in the 
child who has testicular pain. The nonpainful tes- 
tis is imaged first and compared with the painful 
side. Testicular torsion is characterized by a het- 
erogeneous, echogenic testis without flow detect- 
able by Doppler or color flow imaging. The 
inflamed testis also can have a heterogeneous ap- 
pearance, but there will be ample flow or hyper- 
perfusion of the testis and epididymis. Reactive 
hydroceles may be seen in either case. 

Nuclear scintigraphy using 99mTc-pertechne- 
tate will assess testicular blood flow to both testes 
simultaneously (Fig. 21). Ideally, symmetric flow 
excludes testicular torsion, unless one suspects in- 
termittent torsion. Increased flow to the scrotum 
is consistent with epididymitis, orchitis, or inflam- 
mation secondary to torsion of an appendage. 
Testicular torsion is suggested by the lack of iden- 
tifiable blood flow. In cases of missed torsion, 
there is a hyperemic rim of flow around a central 
area without tracer uptake. 


Summary 


Proper imaging of the genitourinary tract is 
vital to the clinical management of children with 
urinary or genital complaints. Technological ad- 
vances continue to improve the quality of the 
images and reduce the radiation exposure to the 
child. IVU largely has been replaced by ultra- 
sound, and perhaps MRI will replace CT and even 
nuclear scintigraphy. The study that is often most 
vexing to the parents and the child, the VCUG, 
however, will continue until a new study is devised 


Fig. 21. Nuclear scintigraphy of two cases of testicular torsion. (A) There is no scintigraphic activity on the left side 
(arrow) when compared with the right asymptomatic side. (B) This study was performed 18 hours after the onset of 
left testicular pain. There is a rim of flow (arrow) surrounding an area without activity consistent with a missed torsion. 
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that can directly test for reflux and can image the 
urethra without instrumentation. Nonetheless, the 
pediatric urologic community continues to benefit 
from these improvements, allowing for improved 
patient care. 
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